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Flow  sensor  responsive  to  fluid  leakage  flows  within  a  range  from  above  a  predetermined  minimum  to  below  a 
predetermined  maximum  and  nonresponslve  to  fluid  leakage  flows  beyond  said  range. 

A  flow  sensor  is  provided  responsive  to  fluid  leakage 
flows  within  a  range  from  above  a  predetermined  mini- 
mum  to  below  a  predetermined  maximum,  to  indicate 
that  leakage  flow  is  within  that  range  and/or  that  maxi- 
mum  leakage  flow  has  been  exceeded,  but  nonresponsive 
to  fluid  flows  below  the  predetermined  minimum  or  above 
the  predetermined  maximum,  to  avoid  giving  a  false 
indication  of  fluid  leakage  flow,  comprising  a  flow  res- 
ponsive  valve  (10)  and  a  differential  pressure  indicator 
(45)  sensing  differential  pressure  between  fluid  leakage 
flow  and  normal  fluid  flow  at  the  valve  (10). 



E x t r a o r d i n a r y   d e m a n d s   a r e   m a d e   upon  the  h y d r a u l i c   s y s t e m s  

of  a i r c r a f t .   The   h y d r a u l i c   f l u i d s   u s e d   m u s t   w i t h s t a n d   t e m p e r a t u r e  

r a n g i n g   f r o m   - 6 5 ° F .   to  as  h igh   as  275°  F . ,   and  o c c a s i o n a l l y   e v e n  

h i g h e r ,   and  m u s t   be  c o m p l e t e l y   f l o w a b l e   and  o p e r a t i v e   in  the  s y s t e m  

u n d e r   t h e s e   c o n d i t i o n s .  

W e a r   and  a b r a s i o n   of  p a r t s   r e s u l t   in  the  p r o d u c t i o n   of  v e r y  

f ine   p a r t i c l e s ,   u s u a l l y   0 .05   to  1  m i c r o n   in  d i a m e t e r .   W h i l e   t h e s e  

f ine  p a r t i c l e s   a r e   so  s m a l l   that   i n d i v i d u a l l y   they  c a u s e   no  o b s t r u c t i o n ,  

t h e r e   is  n o n e t h e l e s s   a  t e n d e n c y   f o r   s e d i m e n t a t i o n   of  such   p a r t i c l e s  

in  r e g i o n s   w h e r e   the  r a t e   of  flow  is  r a t h e r   low,  and  f o r   c o l l e c t i o n   o f  

s u c h   p a r t i c l e s   in  the  s m a l l  ( o f t e n   5  m i c r o n s   o r   l e s s )   c l e a r a n c e s   i n  

p u m p   p i s t o n s ,   s e r v o   v a l v e s ,   a c t u a t o r s ,   v a l v e s   and  o t h e r   c o m p o n e n t s .  

In  the  c o u r s e   of  t i m e ,   s e r i o u s   o b s t r u c t i o n s   can   be  bu i l t   up  e v e n  

f r o m   s u c h   s m a l l   p a r t i c l e s .   I n d e e d ,   it  is  the  v e r y   f ine   p a r t i c l e s   t h a t  

a r e   u s u a l l y   r e s p o n s i b l e   f o r   p u m p   f a i l u r e   in  s u c h   s y s t e m s .  

It  is  now  qu i t e   g e n e r a l l y   a c c e p t e d   that   b e c a u s e   of  t h i s ,  

m a i n t e n a n c e   of  a  c l e a n   h y d r a u l i c   f lu id   r e q u i r e s   e f f i c i e n t   f i l t r a t i o n .  

It  is  a  n e c e s s a r y   c o r o l l a r y   that   one  m u s t   be  able   to  d e t e r m i n e   t h a t  

the  f i l t e r   in  the  s y s t e m   is  c a p a b l e   of  r e m o v i n g   v e r y   s m a l l   p a r t i c l e s  

and  has   a  s u f f i c i e n t   flow  c a p a c i t y   to  mee t   the  flow  r e q u i r e m e n t s   o f  

the  s y s t e m .   In  n o r m a l  f l i g h t ,   a  flow  of  h y d r a u l i c   f lu id   of  the  o r d e r   o f  

5  to  12  g a l l o n s   p e r   m i n u t e   or   l e s s   may  be  s u f f i c i e n t ,   but  w h e n e v e r  

the  l a n d i n g   g e a r   f l a p s   or   o t h e r   l a r g e   h y d r a u l i c a l l y   o p e r a t e d   g e a r  



is  o p e r a t e d ,   a  h i g h e r   flow  r a t e   can  be  r e q u i r e d ,   c o n s i d e r a b l y   i n  

e x c e s s   of  12  g a l l o n s   pe r   m i n u t e   u n d e r   c e r t a i n   c o n d i t i o n s .   F l o w  

c a p a c i t y   of  a  f i l t e r   is  of  c o u r s e   a  f u n c t i o n   of  s u r f a c e   a r e a ,   and  i n  

the  l i m i t e d   s p a c e   r e q u i r e m e n t s   of  a i r c r a f t ,   it  has   only  r e c e n t l y   b e e n  

p o s s i b l e   to  p r o v i d e   a  f i l t e r   e l e m e n t   s u f f i c i e n t l y   r u g g e d   f o r   h y d r a u l i c  

s y s t e m   s e r v i c e   and  h a v i n g   a  f ine   e n o u g h   i n c i d e n t   p a r t i c l e   r e m o v a l  

r a t i n g ,   and  a  h igh  e n o u g h   flow  c a p a c i t y ,   to  m e e t   t h e s e   r e q u i r e m e n t s .  

U.  S.  p a t e n t s   N o s .   3 , 2 6 2 ,  5 6 3   p a t e n t e d   July  26,  1966  to  D a v i d  

B.  P a l l ,   3 , 2 6 2 ,  5 6 4   p a t e n t e d   J u l y   26,  1966,  3 , 2 6 2 ,   565  p a t e n t e d   Ju ly   2 6 ,  

1966  and  C a n a d i a n   p a t e n t  N o .   7 4 2 , 0 5 1   p a t e n t e d   S e p t e m b e r   6,  1 9 6 6 ,  

p r o v i d e   f i l t e r   a s s e m b l i e s   c a p a b l e   of  r e m o v i n g   a  s u b s t a n t i a l   p r o p o r t i o n  

of  v e r y   f ind  p a r t i c l e s ,   as  s m a l l   as  0 .05   m i c r o n ,   as   w e l l   as   n e a r l y  

a l l   i n c i d e n t   p a r t i c l e s   o v e r   0 . 45   m i c r o n   in  d i a m e t e r ,   and  a l l   i n c i d e n t  

p a r t i c l e s   o v e r   3  m i c r o n s   in  d i a m e t e r ,   and  c a p a b l e   of  s u p p l y i n g   a  f l o w  

r a t e   as  h igh   as   may   be  d e s i r e d   upon   d e m a n d .   A  f i l t e r e d  f l o w   i s  

p r o v i d e d   at  a l l   f low  r a t e s ,   but  at  f low  r a t e s   in  e x c e s s   of  a  p r e d e t e r m i n e d  

m a x i m u m ,   only  a  p o r t i o n   of  the  flow  is  f i l t e r e d  t h r o u g h   the  p r i m a r y  

f i l t e r   e l e m e n t ,   of  low  m i c r o n   r e m o v a l   r a t i n g ,   c a p a b l e   of  r e m o v i n g  

a l l   p a r t i c l e s   as  s m a l l   as  3  m i c r o n s   in  d i a m e t e r .   The   r e m a i n d e r  

is  d i v e r t e d   by  a  f low  c o n t r o l   v a l v e   t h r o u g h   a  s e c o n d a r y   f i l t e r   of  n o r m a l  

f low  c a p a c i t y   and  h igh   m i c r o n   r e m o v a l   r a t i n g ,   c a p a b l e   of  r e m o v i n g  

m o s t   of  the  i n c i d e n t   p a r t i c l e s   as  s m a l l   as  p a r t i c l e s   1 .5   m i c r o n s   o r  

l a r g e r   in  d i a m e t e r ,   and  al l   i n c i d e n t   p a r t i c l e s   o v e r   15  m i c r o n s .   T h e  



n o r m a l  f l o w   t h r o u g h   the  p r i m a r y   e l e m e n t   is  the  m a x i m u m   r e q u i r e d ,  

p lus   a  s a f e   m a r g i n ,   f o r   n o r m a l   o p e r a t i o n a l   flow  in  the  s y s t e m   i n  

w h i c h   the   e l e m e n t   is  i n s t a l l e d .   Only  when   e x t r a o r d i n a r y   r e q u i r e -  

m e n t s   a r e   m a d e   upon   the  f low,   b e y o n d   th is   m a x i m u m ,   does   the  f l o w  

c o n t r o l   v a l v e   d i v e r t   the  i n c r e m e n t a l   p o r t i o n   of  the  flow  t h r o u g h   t h e  

s e c o n d a r y   ( c o a r s e   o r   high  m i c r o n   r e m o v a l   r a t i ng )   f i l t e r   e l e m e n t .  

S ince   s u c h   e x t r a o r d i n a r y   flow  r e q u i r e m e n t s   a r e   u s u a l l y   m a d e   o n l y  

f o r   s h o r t   p e r i o d s ,   l e s s   than  2  to  3%  of  the  t o t a l   f l igh t   t i m e ,   the  f i l t e r  

a s s e m b l y   of  the  i n v e n t i o n   e f f e c t i v e l y   k e e p s   the  h y d r a u l i c   f lu id   s u b -  

s t a n t i a l l y   f r e e   of  p a r t i c l e s   l a r g e r   than  0 .45   m i c r o n   in  d i a m e t e r ,   s i n c e  

any  s u c h   p a r t i c l e s   that   may   e n t e r   the  f luid  d u r i n g   the  t i m e s   of  e x t r a -  

o r d i n a r y   flow  a r e   r e m o v e d   l a t e r   in  the  c o u r s e   of  n o r m a l   f l o w .  

As  a  f u r t h e r   f e a t u r e ,   t h e s e   f i l t e r   a s s e m b l i e s   p r o v i d e   f o r  

m a i n t e n a n c e   of  a  f i l t e r e d   s low  t h r o u g h   the  s e c o n d a r y   o r   c o a r s e   f i l t e r  

e l e m e n t   w h e n e v e r   the  p r i m a r y   e l e m e n t   is  c l o g g e d   o r   so  o b s t r u c t e d  

that   the  f l o w t h r o u g h   r e s u l t s   in  a  p r e s s u r e   d i f f e r e n t i a l   a c r o s s   t h a t  

e l e m e n t   a b o v e   a  p r e d e t e r m i n e d   m i n i m u m .   In  this  even t ,   the  f l o w  

c o n t r o l   v a l v e   p r o v i d e d  d i v e r t s   t h r o u g h   the  s e c o n d a r y   f i l t e r   e l e m e n t  

flow  a b o v e  t h a t   w h i c h   the  p a r t i a l l y   or   ful ly  c l o g g e d   p r i m a r y   e l e m e n t  

can  p a s s .  

A  s e c o n d   b y - p a s s   as  an  o p t i o n a l   f e a t u r e   is  p r o v i d e d   fo r   t h e  

s e c o n d a r y  f i l t e r   e l e m e n t ,   so  that  when   th is   e l e m e r t   b e c o m e s   c l o g g e d ,  

o r   so  o b s t r u c t e d   as  to  i n c r e a s e   the  p r e s s u r e   d i f f e r e n t i a l   a c r o s s   it  t o  

a b o v e   a  p r e d e t e r m i n e d  m i n i m u m  t h e n   all   flow  t h r o u g h   the  f i l t e r  b y - p a s s e s  

bo th   the  p r i m a r y   and  the  s e c o n d a r y   f i l t e r   e l e m e n t s .   N o r m a l l y ,   t h e r e  

is  a m p l e   t i m e   a f t e r   the  p r i m a r y   e l e m e n t   has  b e c o m e   o b s t r u c t e d   f o r  



the  f i l t e r   e l e m e n t   to  be  s e r v i c e d   b e f o r e   the  s e c o n d a r y   f i l t e r  

e l e m e n t   b e c o m e s   c l o g g e d .   T h u s ,   the  s e c o n d   b y - p a s s   l ine  w o u l d  

c o m e   into  u se   only  in  the  even t   of  an  e m e r g e n c y   of  r a t h e r   u n u s u a l  

c h a r a c t e r .  

In  c e r t a i n   s y s t e m s ,   i n t o l e r a n t   of  any  c o n t a m i n a n t   a b o v e  

15  m i c r o n s ,   it  wi l l   be  p r e f e r a b l e   to  o m i t   the  b y - p a s s   v a l v e   a r o u n d  

the  s e c o n d a r y   e l e m e n t ,   in  w h i c h   even t   the  s e c o n d a r y   e l e m e n t   i s  

p r e f e r a b l y   f a b r i c a t e d   wi th   i n t e r n a l   s u p p o r t   s u c h   that   it  wi l l   w i t h s t a n d  

fu l l   s y s t e m   p r e s s u r e   as  a  d i f f e r e n t i a l   p r e s s u r e   a c r o s s   i t .  

F o r   c o n t r o l   of  the  d i v e r s i o n   of  f lu id   f r o m   the  p r i m a r y   f i l t e r  

e l e m e n t   at  f low  r a t e s   a b o v e   the  p r e d e t e r m i n e d   m a x i m u m ,   as  w e l l   a s  

d i v e r s i o n   w h e n e v e r   the  p r i m a r y   f i l t e r   e l e m e n t   b e c o m e s   o b s t r u c t e d  

so  that   the   p r e s s u r e   d i f f e r e n t i a l   a c r o s s   it  r e a c h e s   a  p r e d e t e r m i n e d  

m i n i m u m ,   t h e r e   is  p r o v i d e d   a  flow  v a l v e   of  the  o r i f i c e   o r   v e n t u r i ,  

type ,   so  d e s i g n e d   as  to  be  a c t u a t e d   by  an  i n c r e a s e   in  the  v e l o c i t y   o f  

f low  t h r o u g h   the  v a l v e .   S ince   th i s   i n c r e a s e  i n   v e l o c i t y   is  p r o p o r t i o n a l  

to  the  a m o u n t   of  f lu id   and  t h e r e f o r e   the  p r e s s u r e   of  f lu id   a p p l i e d  

on  the  i n l e t   s i de   of  the  v a l v e ,   the  v a l v e   is  r e s p o n s i v e   to  c h a n g e s   i n  

flow  v o l u m e   and  c o n s e q u e n t l y   to  c h a n g e s   in  f low  d e m a n d   m a d e   u p o n  

the  f i l t e r   a s s e m b l y   of  the  i n v e n t i o n .   Th i s   v a l v e   is  p l a c e d   in  the  l i n e  

of  flow  b e t w e e n   the  in le t   to  the  f i l t e r   a s s e m b l y   and  the  p r i m a r y   f i l t e r  

e l e m e n t .   P r e f e r a b l y ,   the  v a l v e   is  p l a c e d   in  an  in le t   p a s s a g e .  

P r e s s u r e   i n d i c a t o r s   can   be  p r o v i d e d ,   i n d i c a t i n g   the  r e a c h i n g  

of  a  p r e d e t e r m i n e d   p r e s s u r e   d i f f e r e n t i a l   a c r o s s   the  p r i m a r y   f i l t e r  

e l e m e n t ,   and  a c r o s s   the  s e c o n d a r y   f i l t e r   e l e m e n t ,   so  that   an  i n d i c a t i o n  



is  g iven   to  the  o p e r a t o r   that  the  p r i m a r y   or   s e c o n d a r y   f i l t e r   e l e m e n t  

or   both   have   b e c o m e   c l o g g e d ,   and  r e q u i r e   s e r v i c i n g .  

Such  v a l v e s   r a r e l y   s e a l   off  b y p a s s   flow  w h e n   the  v a l v e   i s  

c l o s e d ;   b e c a u s e   of  t h e i r   flow  r e s p o n s i v e   c h a r a c t e r i s t i c ,   t h e r e   is  a  

l e a k a g e   b y p a s s   flow  at  a l l   t i m e s   that   is  e s p e c i a l l y   high  when   t h e  

f lu id   flow  a p p r o a c h e s   the  c r a c k - o p e n   po in t .   S ince   l e a k a g e   flow  c a n n o t  

u s u a l l y   be  p e r m i t t e d   to  e x c e e d   a  c e r t a i n   l eve l ,   it  b e c o m e s   n e c e s s a r y  

to  m o n i t o r   l e a k a g e   flow,  and  s i g n a l   when   it  r e a c h e s   the  m a x i m u m   l e v e l  

that   can  be  t o l e r a t e c f .  

The  u s u a l   p r e s s u r e   i n d i c a t o r s   a r e   not  s u i t a b l e ,   b e c a u s e   t h e y  

canno t   d i s t i n g u i s h   b e t w e e n   the  p r e s s u r e   d i f f e r e n t i a l s   a c r o s s   the  v a l v e  

a r i s i n g   f r o m   d i f f e r e n t   l e v e l s   of  l e a k a g e   flow,  and  p r e s s u r e   d i f f e r e n t i a l s  

a r i s i n g   f r o m   a  h i g h e r   flow  ra te   a c r o s s   the  o r i f i c e   o r   v e n t u r i   of  t h e  

flow  c o n t r o l   v a l v e .   When   a  h i g h e r   flow  ra te   is  r e q u i r e d ,   a  s u d d e n   f l o w  

s u r g e   r e s u l t s   w h i c h   may  lead  to  a c t u a t i o n   of  the  p r e s s u r e   i n d i c a t o r  

d e s i g n e d   to  i n d i c a t e   a b n o r m a l   l e a k a g e   f low.   P r e s s u r e   i n d i c a t o r s  

t h e r e f o r e   can  give  f a l s e   i n d i c a t i o n   of  the  m o n i t o r e d   c o n d i t i o n   d u r i n g  

p e r i o d s   of  peak   flow  d e m a n d .  

U . S .   p a t e n t   N o .  3 ,  3 3 5 ,   863  p a t e n t e d   A u g u s t   15,  1967,  t o  

B e r n a r d   F.  S i l v e r w a t e r   p r o v i d e s   a  d i f f e r e n t i a l   p r e s s u r e   i n d i c a t o r  

that   is  l e s s   s e n s i t i v e   o r   even   i n s e n s i t i v e   to  flow  s u r g e s ,   and  y e t  

d e t e c t s   any  c h a n g e s   in  s t a t i c   p r e s s u r e   due  to  a  c h a n g e   in  r e s i s t a n c e  

a c r o s s   a  f i l t e r   e l e m e n t   due  to  d i r t   l o a d i n g ,   at  or  b e l o w   the  n o r m a l  

flow  d e m a n d   of  the  s y s t e m .   A  c h a n g e d   or  c o n t r o l l e d   r e s p o n s e   t o  

flow  s u r g e s   is  o b t a i n e d   by  c o m b i n i n g   the  i n d i c a t o r   wi th   a  r e s p o n s e  



c o n t r o l   o r   c o n v e r t i n g   m e a n s   a d a p t e d   to  i n t e r c h a n g e   v e l o c i t y   h e a d   a n d  

s t a t i c   head ,   and  thus   a l t e r   the  s t a t i c   p r e s s u r e   c o m p o n e n t   by  a n  

a m o u n t   p r o p o r t i o n a t e   to  the  c h a n g e   in  the  v e l o c i t y   head   c o m p o n e n t  

of  the  flow  s u r g e .   One  of  the  f lu id   l ines   l e a d i n g   f r o m   the  p r e s s u r e  

i n d i c a t o r   is  c o n n e c t e d   wi th   the  r e s p o n s e   c o n t r o l   m e a n s   by  t a p p i n g  

the  zone   t h e r e o f   of  g r e a t e s t   c h a n g e d   s t a t i c   head   in  a  m a n n e r   to  r e s p o n d  

only  to  the  c h a n g e d   s t a t i c   p r e s s u r e   c o m p o n e n t .   Such  r e s p o n s e   c a n  

be  o b t a i n e d   by  any  of  s e v e r a l   t e c h n i q u e s ,   i n c l u d i n g   d e s i g n   of  t h e  

r e s p o n s e   c o n t r o l   m e a n s ,   and  the  d e s i g n   of  the  fluid:  c i r c u i t   b e t w e e n   t h e  

r e s p o n s e   c o n t r o l   m e a n s   and  the  p r e s s u r e   i n d i c a t o r .   A  v a l v e   can  b e  

c o m b i n e d   wi th   the  r e s p o n s e   c o n t r o l   m e a n s   to.  i s o l a t e   the  p r e s s u r e  

i n d i c a t o r   f r o m   the  f lu id   s y s t e m   thus   r e n d e r i n g   the  i n d i c a t o r   i n s e n s i t i v e  

to  flow  s u r g e s .  

.  The   S i l v e r w a t e r   d e v i c e   is  e f f e c t i v e   but  only  ove r   a  s m a l l   f l o w  

r a n g e ;   o t h e r w i s e ,   the  p r e s s u r e   l o s s e s   b e c o m e   e x c e s s i v e .   It  is  e f f e c t i v e  

when   u s e d   to  m e a s u r e   v i s c o u s   p r e s s u r e   d r o p s   s u c h   as  a c r o s s   f i l t e r  

e l e m e n t s   and  to  n e g a t e   the  e f f e c t s   of  h igh   f lows   of  s h o r t   d u r a t i o n  

t h r o u g h   a  p a r t i a l l y   b l o c k e d   f i l t e r   e l e m e n t .   T h i s   e l i m i n a t e s   p r e m a t u r e  

e l e m e n t   r e p l a c e m e n t .  

In  a c c o r d a n c e   wi th   the  i n v e n t i o n ,   a  flow  s e n s o r   is  p r o v i d e d  

r e s p o n s i v e   to  f luid  l e a k a g e   f lows  w i th in   a  r a n g e   f r o m   above   a  p r e d e t e r -  

m i n e d   m i n i m u m   to  b e l o w   a  p r e d e t e r m i n e d   m a x i m u m   to  i n d i c a t e   t h a t  

flow  is  w i t h i n   tha t   r a n g e   a n d / o r   t h a t   the  m a x i m u m   l e a k a g e   flow  h a s  

b e e n   e x c e e d e d ,   but  n o n r e s p o n s i v e   to  f lu id   f lows   be low  the  p r e d e t e r m i n e d  

m i n i m u m   or  above   the  p r e d e t e r m i n e d   m a x i m u m ,   to  avo id   g iv ing   a  f a l s e  

i n d i c a t i o n   of  f lu id   l e a k a g e   f low,   c o m p r i s i n g ,   in  c o m b i n a t i o n :  



(1)  a  h o u s i n g   h a v i n g   an  in le t   and  an  ou t l e t   and  a  t h r o u g h  

flow  f lu id   p a s s a g e   t h e r e b e t w e e n ;  

(2)  a  flow  r e s p o n s i v e   v a l v e   d i s p o s e d   a c r o s s   the  f l u i d  

p a s s a g e   in  a  m a n n e r   to  c o n t r o l   flow  t h e r e t h r o u g h   c o m p r i s i n g  

(a)  a  v a l v e   s e a t ;  

( b )   a  v a l v e   m e m b e r   m o v a b l e   t o w a r d s   and  away  f r o m  

the  v a l v e   sea t   and  h a v i n g   o p p o s e d   f a c e s   r e c e i v i n g   f luid  p r e s s u r e  

u p s t r e a m   and  d o w n s t r e a m ,   r e s p e c t i v e l y ,   of  the  v a l v e   m e m b e r ;  

(c)  b i a s   m e a n s   b i a s i n g   the  v a l v e   m e m b e r   into  a  n o r m a l l y  

c l o s e d   p o s i t i o n   a g a i n s t   the  v a l v e   sea t   wi th   a  f o r c e   r e s i s t i n g   u p s t r e a m  

f luid   p r e s s u r e   a g a i n s t   the  v a l v e   face   t e n d i n g   to  open  the  v a l v e   up  t o  

a  p r e d e t e r m i n e d   m i n i m u m ;  

(d)  a  flow  c o n t r o l l i n g   o r i f i c e ,   p r e f e r a b l y   t h r o u g h   b u t  

a l so   o p t i o n a l l y   b y p a s s i n g   the  va lve   m e m b e r   and  open  to  flow  p a s t  

the  va lve   m e m b e r   b e t w e e n   the  h o u s i n g   in le t   and  ou t l e t   at  al l   t i m e s ;  

(e)  at  l e a s t   one  f luid  flow  p a s s a g e   d o w n s t r e a m   of  t h e  

v a l v e   s e a t   fo r   flow  pas t   the  v a l v e   m e m b e r   that   is  c l o s e d   when   t h e  

v a l v e   m e m b e r   is  a g a i n s t   the  v a l v e   sea t   and  open  when   the  v a l v e  

m e m b e r   is  m o v e d   away  f r o m   the  v a l v e   sea t ;   a n d  

(f)  a  l e a k a g e   flow  p a s s a g e   r e c e i v i n g   l e a k a g e   flow  p a s t  

the  v a l v e   s ea t   and  c a r r y i n g   such   flow  pas t   the  v a l v e   m e m b e r   i n t o  

the  f lu id   flow  p a s s a g e ,   the  va lve   m e m b e r   when   in  the  c l o s e d   p o s i t i o n  

s e p a r a t i n g   the  l e a k a g e   flow  p a s s a g e   f r o m   the  f luid  f l o w   p a s s a g e ,   a n d  

when   in  the  open  p o s i t i o n   c o m b i n i n g   the  l e a k a g e   flow  p a s s a g e   with  t h e  

f luid  flow  p a s s a g e ;  

(3)  a  d i f f e r e n t i a l   p r e s s u r e   i n d i c a t o r   h a v i n g :  

(a)  c o o p e r a t i n g   a c t u a t i n g   and  i n d i c a t i n g   m a g n e t i c  



e l e m e n t s ,   the  a c t u a t i n g   e l e m e n t   b e i n g   m o v a b l e   b e t w e e n   a  f i r s t  

p o s i t i o n   in  w h i c h   it  r e t a i n s   the  i n d i c a t i n g   e l e m e n t   in  a  n o n i n d i c a t i n g  

p o s i t i o n   and  a  second  p o s i t i o n   in  wh ich   the  i n d i c a t i n g   e l e m e n t   can  m o v e  

into  an  i n d i c a t i n g   p o s i t i o n ;   the  a c t u a t i n g   e l e m e n t   h a v i n g   o p p o s e d  

p r e s s u r e   f a c e s   and  b e i n g   m o v a b l e   t o w a r d s   one  of  the  two  p o s i t i o n s  

a c c o r d i n g   to  the  p r e s s u r e   d i f f e r e n t i a l   t h e r e b e t w e e n ;  

( b )   a  f i r s t   f lu id   p a s s a g e   c o m m u n i c a t i n g   f lu id   p r e s s u r e   i n  

the  f lu id   l e a k a g e   flow  p a s s a g e   a f t e r   the  va lve   m e m b e r   to  the  f i r s t  

p r e s s u r e   f ace   and  a  s e c o n d   f luid  p a s s a g e   c o m m u n i c a t i n g   f lu id   p r e s s u r e  

at  the  f l o w - c o n t r o l l i n g   o r i f i c e   of  the  v a l v e   m e m b e r   to  the  s e c o n d  

p r e s s u r e   f a c e ;  

(c)  b i a s   m e a n s   r e t a i n i n g   the  a c t u a t i n g   e l e m e n t   in  a  f i r s t  

p o s i t i o n   to  r e t a i n   the  i n d i c a t i n g   e l e m e n t   in  a  n o n i n d i c a t i n g   p o s i t i o n  

at  p r e s s u r e   d i f f e r e n t i a l s   t h e r e a c r o s s   up  to  a  p r e d e t e r m i n e d   m i n i m u m ;  

and  at  p r e s s u r e   d i f f e r e n t i a l s   e x c e e d i n g   the  m i n i m u m   to  m o v e   a w a y  

f r o m   the  i n d i c a t i n g   e l e m e n t   and  r e l e a s e   it  to  s i g n a l   the  r e a c h i n g   o f  

such   m i n i m u m   p r e s s u r e   d i f f e r e n t i a l ;  

(4)  the  v a l v e   m e m b e r   when   m o v e d   away  f r o m   the  v a l v e  

sea t   c o m b i n i n g   the  f lu id   l e a k a g e   flow  and  f lu id   flow  p a s s a g e s   a n d  

t h e r e b y   r e d u c i n g   the  m e a s u r e d   p r e s s u r e   d i f f e r e n t i a l   b e t w e e n   the  f i r s t   a n d  

s e c o n d   f lu id   p a s s a g e s   to  be low  sa id   p r e d e t e r m i n e d   m i n i m u m ,   t h e r e b y  

p r e v e n t i n g   a c t u a t i o n   of  the  d i f f e r e n t i a l   p r e s s u r e   i n d i c a t o r   w h i l e  

the  v a l v e   m e m b e r   r e m a i n s   in  the  open  p o s i t i o n .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   the  flow  r e s p o n s i v e   v a l v e   has  a  

va lve   m e m b e r   such   as  a  poppe t   b i a s e d   a g a i n s t   a  va lve   s ea t ,   and  t h e  



poppe t   has  an  o r i f i c e   or  t h r o a t   such   as  a  v e n t u r i   c o n s i d e r a b l y   r e d u c i n g  

the  d i a m e t e r   of  the  p a s s a g e   a v a i l a b l e   for   flow,  such   as  in  the  i n l e t  

p a s s a g e ,   and  as  a  c o n s e q u e n c e   of  th is   r e d u c t i o n   in  d i a m e t e r ,   t h e  

v e l o c i t y   of  flow  t h r o u g h   the  va lve   poppe t   o r i f i c e   i n c r e a s e s .  

H o w e v e r ,   it  is  a l so   p o s s i b l e   to  p r o v i d e   an  o r i f i c e ,   v e n t u r i   o r  

n a r r o w   p a s s a g e   b y - p a s s i n g   the  va lve   m e m b e r ,   such   as  a  poppe t ,   in  t h e  

h o u s i n g   b e s i d e   the  va lve   m e m b e r ,   and  in  p a r a l l e l   t h e r e t o ,   l i nk ing   t h e  

u p s t r e a m   and  d o w n s t r e a m   fluid  flow  p a s s a g e s   on  e a c h   s ide   of  the  v a l v e  

m e m b e r .   Such  a  flow  p a s s a g e   can   p r o v i d e   the  n e c e s s a r y   p r e s s u r e   d r o p  

and  c a u s e   the  va lve   m e m b e r   to  open  at  a  p r e d e t e r m i n e d   p r e s s u r e   d r o p  

due  to  f l o w .  

The   t o t a l   p r e s s u r e   in  the  f lu id   r e m a i n s   c o n s t a n t ,   and  is  t h e  

s u m   of  the  s t a t i c   p r e s s u r e   and  the  v e l o c i t y   p r e s s u r e .   H e n c e ,   a n  

i n c r e a s e   in  the  v e l o c i t y   p r e s s u r e   at  any  poin t   wil l   r e s u l t   in  a  d e c r e a s e  

in  the  s t a t i c   p r e s s u r e   at  tha t   po in t .   U n d e r   n o r m a l   f low  c o n d i t i o n s ,  

a  s t e a d y   s t a t e   e x i s t s   in  which   the  f o r c e   due  to  the  h igh  s t a t i c   p r e s s u r e  

on  the   i n l e t   s i d e   of  the  v a l v e   m e m b e r ,   such   as  a  poppe t ,   is  l e s s   t h a n  

the  t o t a l   f o r c e   h o l d i n g   the  v a l v e   m e m b e r  i n   p l a c e ,   and  the  v a l v e   m e m b e r  

r e m a i n s   s t a t i o n a r y .   H o w e v e r ,   when   the  flow  v o l u m e   and  h e n c e   r a t e  

i n c r e a s e s ,   the  v e l o c i t y   of  flow  t h r o u g h   the  o r i f i c e   i n c r e a s e s ,   and  r e s u l t s  

in  a  r e d u c t i o n   in  s t a t i c   p r e s s u r e   at  the  o r i f i c e ,   wh ich   r e d u c e s   the  f o r c e  

t e n d i n g   to  hold   t he   v a l v e   m e m b e r   s t a t i o n a r y   a g a i n s t   the  i n l e t   f low.  T h e  

v a l v e   m e m b e r   is  d e s i g n e d   to  be  a c t u a t e d   w h e n e v e r   the  r e d u c t i o n   i n  

s t a t i c   p r e s s u r e   a c r o s s   the  o r i f i c e   f a l l s   be low  a  p r e d e t e r m i n e d   m i n i m u m .  

The  va lve   is  so  p o s i t i o n e d   in  the  f luid  l ine,  such   as  the  i n l e t  



p a s s a g e ,   as  u n d e r   n o r m a l   flow  c o n d i t i o n s   to  c l o s e   off  the  line  to  a l l  

flow  e x c e p t   that   r c c o m m o d a t e d   by  the  o r i f i c e   or  v e n t u r i .   The  r e s u l t  

is  tha t   all   f low  m u s t   p a s s   t h r o u g h   the  o r i f i c e   or  v e n t u r i   of  the  v a i v e  

m e m b e r .   At  a  p r e d e t e r m i n e d   p r e s s u r e   d i f f e r e n t i a l   in  s t a t i c   p r e s s u r e  

b e t w e e n   the  va lve   f ace   or  inlet   s ide   of  the  va lve   and  tie  o t h e r   s l u s   of 

the  va lve ,   the  m i n i m u m   va lue   of  which  is  d e t e r m i n e d   by  the  f l o w  

r e q u i r e m e n t s   of  the  s y s t e m ,   the  va lve   is  a c t u a t e d   in  a  m a n n e r   to  f u l l y  

open  the  p a s s a g e   b e t w e e n   the  i n l e t   and  o u t l e t .  

The  a m o u n t   of  o p e n i n g   can  be  d e s i g n e d   to  be  p r o p o r t i o n a l  

.to  the  m a g n i t u d e   of  the  p r e s s u r e   d i f f e r e n t i a l ,   and  thus  the  a m o u n t   o f  

b y p a s s   flow  can  be  m a d e   d i r e c t l y   d e p e n d e n t   upon  the  r a t e   of  f l o w .  

W h i l e   the  v a l v e   is  open,   flow  c o n t i n u e s ,   but  flow  t h r o u g h   the  o r l t i c e  

a f t e r   c r a c k i n g   is  d e p e n d e n t   on  the  d e s i g n   of  the  va lve   m e m b e r .   F o r  

e x a m p l e ,   if  the  l o a d e d   va lve   m e m b e r   e x p o s e s   a  l a r g e r   u p s t r e a m  

p r e s s u r e   a r e a   a f t e r   c r a c k i n g ,   the  d i f f e r e n t i a l   p r e s s u r e   a c r o s s   t h e  

va lve   wil l   be  r e d u c e d ,   and  hence   t h e r e   will   then  be  l e s s   flow  t h r o u g n  

the  o r i f i c e .   In  any  c a s e ,   at  all   p o s i t i o n s   of  the  valve  m e m b e r ,   f l o w  

is  s u p p l i e d   to  and  t h r o u g h   the  f lu id   p a s s a g e .  

A  p r e f e r r e d   e m b o d i m e n t   of  the  flow  r e s p o n s i v e   v a l v e   c o m p r i s e s  

s t r u c t u r a l l y   a  p o p p e t   r e c i p r o c a t i n g l y   m o u n t e d   in  the  p a s s a g e   a n d  

s p r i n g - b i a s e d   a g a i n s t   a  v a l v e   s ea t   in  a  p o s i t i o n   to  p a r t i a l l y   c l o s e   o f f  

the  flow  p a s s a g e ,   and  a  c o n s t r i c t e d   flow  p a s s a g e   t h r o u g h   the  poppe t   i n  

the  f o r m   of  an  o r i f i c e   o r   v e n t u r i   c o n n e c t i n g   the  inlet   wi th   the  ou t le t   i n  

all   p o s i t i o n s   of  the  v a l v e .   The  p r e s s u r e   e x e r t e d   by  the  c o m p r e s s i o n  



s p r i n g   a g a i n s t   the  poppe t   can  be  a d j u s t e d   as  r e q u i r e d ,   and  the  d i m e n s i o n -  

ing  of  the  o r i f i c e   or   v e n t u r i   is  m a t c h e d   with  the  c o m p r e s s i v e   f o r c e   of  t h e  

s p r i n g ,   and  the  d i m e n s i o n i n g   of  the  p r e s s u r e   c h a m b e r   and  s u r f a c e   a r e a  

of  the  poppe t   e x p o s e d   t h e r e i n   to  f luid  p r e s s u r e ,   so  as  to  o b t a i n   a c t u a t i o n  

uf  the  v a l v e   poppe t   at  the  p r e d e t e r m i n e d   p r e s s u r e   d i f f e r e n t i a l   (due  to  

flow)  in  s t a t i c   p r e s s u r e   a c r o s s   the  o r i f i c e .  

Whi l e   s p r i n g   b i a s i n g   m e a n s   is  p r e f e r r e d ,   m a g n e t i c ,   e l e c t r o -  

s t a t i c   or  e l e c t r o m a g n e t i c   b i a s i n g   m e a n s   can  a lso   be  u s e d .   In  the  c a s e  

of  m a g n e t i c   or   e l e c t r c s t a t i c   m e a n s ,   twin  m a g n e t s   can  be  u sed ,   at  e a c h  

e x t r e m i t y   of  r e c i p r o c a t i o n   ol  the  poppe t ,   and  the  poppe t   i t s e l f   can  b e  

m a g n e t i c ,   o r i e n t e d   so  as  to  be  a t t r a c t e d   to  the  m a g n e t   h o l d i n g  

t h e  p o p p e t   in  the  c l o s e d   p o s i t i o n   and  r e p e l l e d   by  the  m a g n e t   h o l d i n g  

t h e   pope t   in  the  open  p o s i t i o n ,   and  both  m a g n e t s   a r e   so  p l a c e d  

tha t   the  p o p p e t   at  each   e x t r e m i t y   is  w i th in   the  f i e ld   of  both  m a g n e t s .  

Thus   r e s e a t i n g   of  the  p o p p e t   in  the  c l o s e d   p o s i t i o n   is  e n s u r e d   w h e n  

the  f low  is  r e t u r n e d   to  n o r m a l .   In  the  c a s e   of  e l e c t r o m a g n e t i c  

b i a s i n g   m e a n s ,   the  coi l   w i n d i n g s   can   be  v a r i e d   to  p r o v i d e   the  r e q u i r e d  

b i a s i n g   f o r c e s .  

In  a n o t h e r   e m b o d i m e n t ,   the  va lve   poppe t   can   a l so   b e  

to  be  a c t u a t e d   by  a  f luid  p r e s s u r e   a g a i n s t   the  in le t   f a c e   of  the  o r i f i c e ,  

w h e n e v e r   the  p r e s s u r e   d rop   a c r o s s   a  f i l t e r   r e a c h e s   a  p r e d e t e r m i n e d  

m a x i m u m .   T h i s   is  done  by  s h a p i n g   the  in le t   face   of  the  va lve   p o p p e t  

to  a  l a r g e r   s u r f a c e   a r e a   than   the  c o m b i n e d   s u r f a c e   a r e a   in  t h e  

p r e s s u r e   c h a m b e r   and  f a c i n g   the  p a s s a g e   on  the  ou t l e t   s ide  of  the  p o p p e t .  

Thus ,   w h e n e v e r   the  f luid  p r e s s u r e   on  the  in le t   face   e x c e e d s   t h e  p r e s -  

s u r e   in  the  p a s s a g e   c l o s e d   off  by  the  p o p p e t   by  a  p r e d e t e r m i n e d   a m o u n t ,  



the  v a l v e   p o p p e t   is  a c t u a t e d ,   jus t   as  in  the  c a s e   of  a  p r e d e t e r m i n e d  

e x c e s s i v e   s t a t i c   p r e s s u r e   d i f f e r e n t i a l .   In  this   e m b o d i m e n t   the  d i f -  

f e r e n t i a l   p r e s s u r e   i n d i c a t o r   p r e s s u r e   t aps   wil l   be  p l a c e d   so  as  to  o n l y  

m e a s u r e   the  p r e s s u r e s   due  to  f low  and  be  i n s e n s i t i v e   to  d i f f e r e n t i a l  

p r e s s u r e s   due  to  the  c o n t a m i n a t e d   e l e m e n t .  

T h u s ,   the   v a l v e   can   be  d e s i g n e d   to  a c t u a t e ,   in  the  p r e f e r r e d  

e m b o d i m e n t ,   w h e n e v e r   the  f luid  flow  t h r o u g h   the  p a s s a g e   e x c e e d s   a  

p r e d e t e r m i n e d   m i n i m u m ,   so  tha t   the  t o t a l   p r e s s u r e   d i f f e r e n t i a l   b e t w e e n  

the  i n l e t   p a s s a g e   and  the  o u t l e t   p a s s a g e   a c r o s s   the  p o p p e t   e x c e e d s  

a  p r e d e t e r m i n e d   m i n i m u m .   T h e r e u p o n   the  v a l v e   poppe t   is  a c t u a t e d .  

The  l e a k a g e   flow  p a s s a g e   e x t e n d s   pas t   the  v a l v e   m e m b e r ,  

s u c h   as  the  v a l v e   poppe t ,   f r o m   the  v a l v e   s e a t   to  the  f lu id   flow  p a s s a g e  

d o w n s t r e a m   of  the  v a l v e   s e a t .   The   p a s s a g e   can  be  t h r o u g h   the  v a l v e  

m e m b e r ,   o r   t h r o u g h   the  h o u s i n g ,   but  it  is  u s u a l l y   s i m p l e r   to  p l a c e   t h e  

v a l v e   s ea t   in  a  r e c e s s   in  the  f lu id   flow  p a s s a g e   into  wh ich   the  v a l v e  

m e m b e r   f i t s   a g a i n s t   the  s e a t   wi th   a  s m a l l  c l e a r a n c e   at  the  s i d e s   t h e r e o f ,  

d e f i n i n g   the  l e a k a g e   flow  p a s s a g e .   Then ,   w h e n   the  v a l v e   m e m b e r  

m o v e s   out  of  the  r e c e s s   into  the  open   p o s i t i o n ,   the  b a r r i e r   is  w i t h d r a w n ,  

r e s u l t i n g   in  the  c o m b i n a t i o n   of  the  r e c e s s   wi th   the  f luid  flow  p a s s a g e .  

T h o s e   s k i l l e d   in  the  a r t   a r e   a w a r e   of  the  p a r a m e t e r s   to  b e  

t a k e n   into  a c c o u n t   in  d e t e r m i n i n g   the  d i a m e t e r s   of  o r i f i c e s   o r   v e n t u r i  

p a s s a g e s .   The   e x a c t   d i m e n s i o n s   for   the  v a l v e   m e m b e r   f a c e s   a n d  

p a s s a g e s   m u s t   be  d e t e r m i n e d   fo r   e a c h   p a r t i c u l a r   s y s t e m ,   but   th is   i s  

r e a d i l y   a c c o m p l i s h e d   by  s t a n d a r d   d e s i g n   and  c a l c u l a t i o n .  

The  flow  v a l v e   can  be  c o n s t r u c t e d   of  any  d u r a b l e   m a t e r i a l  

i n e r t   to  the  f lu id   b e i n g   c i r c u l a t e d   t h r o u g h   the  s y s t e m .   M e t a l  v a l v e s ,  



such   as  t h o s e   m a d e   of  a l u m i n u m ,   s t a i n l e s s   s t e e l ,   and  o t h e r   s t a i n l e s s  

a l l o y s ,   a r e   p r e f e r r e d ,   but  it  is  a l so   p o s s i b l e   to  f a b r i c a t e   the  v a l v e  

f r o m   s y n t h e t i c   p o l y m e r s   and  c e l l u l o s e   d e r i v a t i v e s ,   such   as  p o l y t e t r a -  

f l u o r o e t h y l e n e ,   p o l y p r o p y l e n e ,   p o l y e t h y l e n e ,   p o l y s t y r e n e ,   n y l o n ,  

p o l y o x y m e t h y l e n e ,   a c r y l o n i t r i l e   r u b b e r s   and  f l u o r o c a r b o n   r u b b e r s .  

In  a c c o r d a n c e   with  the  i n v e n t i o n   a  d i f f e r e n t i a l   p r e s s u r e   i n d i -  

c a t o r   is  c o m b i n e d   with  the  flow  r e s p o n s i v e   va lve   in  a  m a n n e r   so  as  t o  

s e n s e   d i f f e r e n t i a l   f lu id   p r e s s u r e   b e t w e e n   the  l e a k a g e   flow  p a s s a g e   o r  

to t a l   p r e s s u r e   u p s t r e a m   of  the  va lve   m e m b e r ,  a n d   the  f luid  flow  p a s s a g e  

d e w n s t r e a m   of  the  v a l v e   sea t   when   the  va lve   m e m b e r   is  in  the  c l o s e d  

p o s i t i o n ,   but  not  when   the  v a l v e   m e m b e r   is  in  the  open  p o s i t i o n .   F o r  

this   p u r p o s e ,   the  high  p r e s s u r e   tap  of  the  d i f f e r e n t i a l   p r e s s u r e   i n d i c a -  

 e n s e s   the  f lu id   p r e s s u r e   u p s t r e a m   of  the  va lve   m e m b e r ,   which   i s  

equa l   to  the  t o t a l   p r e s s u r e   in  the  o r i f i c e   as  m e a s u r e d   on  the  d o w n s t r e a m  

s ide .   The  low  p r e s s u r e   tap  s e n s e s   the  p r e s s u r e   on  the  d o w n s t r e a m  

s ide   of  the  va lve   m e m b e r   s e a t   when  the  va lve   is  c l o s e d .   T h e n   the  v a l v e  

c r a c k s ,   the  v a l v e   m e m b e r   jus t   m o v e s   off  the  sea t ,   and  the  d o w n s t r e a m  

tap  s e n s e s   the  h i g h e r   t o t a l   p r e s s u r e   u p s t r e a m   of  the  va lve   ( m i n u s  

s o m e   v e l o c i t y   head   l o s s e s ) .   The  d i f f e r e n t i a l   p r e s s u r e   f r o m   c r a c k   o p e n  

to  f i l l   open   is  l e s s   than  the  p r e s e t   i n d i c a t i n g   p r e s s u r e ,   and  h e n c e   t h e  

i n d i c a t o r   wi l l   not  a c t u a t e .   In  o r d e r   to  p r e v e n t   f a l s e   a c t u a t i o n   in  t h e  

i n t e r v a l   of  t ime   to  go  f r o m   l e a k a g e   flow  to  o p e r a t i o n a l   flow,  the  d i f f e r -  

e n t i a l   p r e s s u r e   i n d i c a t o r   mus t   have   a  t i m e   de lay   m e c h a n i s m .   This   i s  

p r o v i d e d   by  o r i f i c e   42b  in  p a s s a g e   42  of  the  d e v i c e   shown  in  F i g u r e s   1 

and Z,  and  o r i f i c e   78  in  p a s s a g e   72  of  the  d e v i c e   shown  in  F i g u r e   3 .  

The  d i f f e r e n t i a l   p r e s s u r e   i n d i c a t o r   c o m p r i s e s ,   in  its  b r o a d e s t  



a s p e c t ,   a  h o u s i n g ,   a  f i r s t   f lu id   p a s s a g e   in  the  h o u s i n g   c o m m u n i c a t i n g  

with  f lu id   p r e s s u r e   in  the  l e a k a g e   flow  p a s s a g e   be low  the  v a l v e   sea t ;   a  

s e c o n d   f lu id   p a s s a g e   in  the  h o u s i n g   c o m m u n i c a t i n g   wi th   the  f l o w -  

c o n t r o l l i n g   o r i f i c e   at  o r   be low  the  v a l v e   sea t ;   an  i n d i c a t i n g   m a g n e t i c  

e l e m e n t   in  the  h o u s i n g   fo r   m o v e m e n t   into  and  f r o m   an  i n d i c a t i n g   p o s i t i o n ;  

and  an  a c t u a t i n g   m a g n e t i c   m e m b e r   c o n t r o l l i n g   m o v e m e n t   of  the  i n d i c a t -  

ing  e l e m e n t   in  r e s p o n s e   to  c h a n g e s   in  p r e s s u r e   b e t w e e n   the  two  f l u i d  

p a s s a g e s .  

The  i n d i c a t i n g   and  a c t u a t i n g   m a g n e t i c   m e a n s   can  be  a n y  

of  t h o s e   w e l l - k n o w n   in  the  i n d i c a t o r   a r t .   The   p r e f e r r e d   f o r m   i s  

the  m a g n e t i c   f o r m   d i s c l o s e d   in  U.  S.  p a t e n t   N o .  2 ,   942,5*72,  d a t e d  

June   28,  1960,  to  Dav id   B.  Pa l l .   T h i s   d e v i c e   c o m p r i s e s   a  p i s t o n  

m e a n s   m o v a b l y   m o u n t e d   in  the  h o u s i n g ,   f i r s t   m a g n e t i c   m e a n s   m o v a b l e  

wi th   the  p i s t o n   m e a n s   t o w a r d   and  away   f r o m   a  f i r s t   p o s i t i o n ,   b i a s  

m e a n s   u r g i n g   the  p i s t o n   m e a n s   in  one  d i r e c t i o n   and  n o r m a l l y   r e t a i n i n g  

the  f i r s t   m a g n e t i c   m e a n s   in  the  f i r s t   p o s i t i o n ,   f luid  duct   m e a n s  

c o m m u n i c a t i n g   wi th   a  s o u r c e   of  f lu id   u n d e r   p r e s s u r e   and  wi th   one  e n d  

of  the  p i s t o n   m e a n s   to  u r g e   it  in  the  o p p o s i t e   d i r e c t i o n ,   s e c o n d  

m a g n e t i c   m e a n s   m o v a b l e   t o w a r d   and  away  f r o m   the  f i r s t   m a g n e t i c  

m e a n s   and  n o r m a l l y   r e t a i n e d   t o w a r d   the  f i r s t   m a g n e t i c   m e a n s   b y  

m a g n e t i c   a t t r a c t i o n   w h e n   the  f i r s t   m a g n e t i c   m e a n s   is  in  the  f i r s t  

p o s i t i o n ,   and  b i a s   m e a n s   u r g i n g   the  s e c o n d   m a g n e t i c   m e a n s   a w a y  

f r o m   the  f i r s t   m a g n e t i c   m e a n s   s e l e c t e d   to  o v e r c o m e   the  f o r c e   o f  

m a g n e t i c   a t t r a c t i o n   w h e n   the  f i r s t   m a g n e t i c   m e a n s   is  m o r e   t han   a  

p r e d e t e r m i n e d   d i s t a n c e   away  f r o m   the  s e c o n d   m a g n e t i c   m e a n s .  

Also   u s e f u l   a r e   the  d i a p h r a g m   type  d e v i c e s   d e s c r i b e d   i n  



U . S .   p a t e n t   N o .  3 ,   077,  176  to  D. B.  P a l l   et  a l . ,   d a t e d   F e b r u a r y   12 ,  

1963.  T h e s e   d e v i c e s   i n c l u d e   a  f l e x i b l e   m a g n e t i c   d i a p h r a g m   a s s e m b l y  

m o v a b l y   m o u n t e d   in  the  h o u s i n g ,   t o w a r d   and  away  f r o m   a  f i r s t  

p o s i t i o n ,   b i a s   m e a n s   u r g i n g   the  d i a p h r a g m   a s s e m b l y   in  one  d i r e c t i o n  

and  n o r m a l l y   r e t a i n i n g   the  s a m e   in  the  f i r s t   p o s i t i o n ,   f luid  duct  m e a n s  

c o m m u n i c a t i n g   wi th   a  s o u r c e   of  f luid  u n d e r   p r e s s u r e   and  wi th   o n e  

f ace   of  the  d i a p h r a g m   a s s e m b l y   to  u r g e   it  in  the  o p p o s i t e   d i r e c t i o n ,  

m a g n e t i c   m e a n s   m o v a b l e   t o w a r d   and  away  f r o m   the  m a g n e t i c  

d i a p h r a g m   a s s e m b l y   and  n o r m a l l y   r e t a i n e d   t o w a r d   the  a s s e m b l y   b y  

m a g n e t i c   a t t r a c t i o n   when   the  a s s e m b l y   is  in  the  f i r s t   p o s i t i o n ,   a n d  

b i a s   m e a n s   u r g i n g   the  m a g n e t i c   m e a n s   away  f r o m   the  a s s e m b l y  

s e l e c t e d   to  o v e r c o m e   the  f o r c e   of  the  m a g n e t i c   m e a n s   w h e n   t h e  

a s s e m b l y   m e a n s   is  m o r e   than  a  p r e d e t e r m i n e d   d i s t a n c e   a w a y  

t h e r e f r o m .  

U . S .   pa t en t   N o .  3 ,  1 4 0 ,   690  p a t e n t e d   Ju ly   14,  1964  p r o v i d e s  

a  d e v i c e   h a v i n g   a  f i r s t   m a g n e t i c   m e a n s   a r r a n g e d   to  a t t r a c t   a  s e c o n d  

m a g n e t i c   m e a n s   so  long  as  the  two  m e a n s   a r e   s e p a r a t e d   by  l e s s   t h a n  

a  p r e d e t e r m i n e d   d i s t a n c e ,   and  b i a s   m e a n s   to  p r o p e l   the  s e c o n d  

m a g n e t i c   e l e m e n t   to  an  i n d i c a t i n g   p o s i t i o n   w h e n e v e r   that  d i s t a n c e  

is  e x c e e d e d .   R e t e n t i o n   of  the  s e c o n d   e l e m e n t   in  e i t h e r   the  a t t r a c t e d  

o r   the  i n d i c a t i n g   p o s i t i o n ,   or   both,   is  e n s u r e d   by  a  t h i r d   m a g n e t i c  

m e a n s   so  a r r a n g e d   so  as  to  a t t r a c t   the  s e c o n d   m a g n e t i c   m e a n s   s o  

long  as  it  is  in  the  f i r s t   p o s i t i o n ,   a n d / o r   to  a t t r a c t   the  s e c o n d   m a g n e t i c  

m e a n s   so  long  as  it  is  in  the  i n d i c a t i n g   p o s i t i o n .   Th i s   type  of  d e v i c e  

can  a l so   be  u s e d .  

F i g u r e   1  r e p r e s e n t s   a  top  view  of  the  flow  s e n s o r   and  m a x i -  

m u m   l e a k a g e   flow  i n d i c a t o r   in  a c c o r d a n c e   with  the  I n m e n t i o n ,  



F i g u r e   2  r e p r e s e n t s   a  l o n g i t u d i n a l   s e c t i o n   t a k e n   a l ong   t h e  

l ine  2-2  of  F i g u r e   1,  and  l ook ing   in  the  d i r e c t i o n   of  the  a r r o w s ;   a n d  

F i g u r e   3  r e p r e s e n t s   a  l o n g i t u d i n a l   s e c t i o n   t h r o u g h   a n o t h e r  

e m b o d i m e n t   of  flow  s e n s o r   and  m a x i m u m   l e a k a g e   flow  i n d i c a t o r ,   i n  

w h i c h   the  u p s t r e a m   p r e s s u r e   is  t a p p e d   b e f o r e   the  flow  o r i f i c e   t h r o u g h  

the  v a l v e   i n s t e a d   of  a f t e r   the  flow  o r i f i c e .  

The  flow  s e n s o r   and  m a x i m u m   s y s t e m   l e a k a g e   flow  i n d i c a t o r  

s h o w n   in  F i g u r e s   1  and  2  has   a  h o u s i n g   1  wi th   an  inlet   por t   2  and  a n  

ou t l e t   po r t   3  c o n n e c t e d   by  a  f lu id   flow  p a s s a g e   4  f o r   t h r o u g h   f lu id   f l o w  

in  f o r   e x a m p l e   an  a i r c r a f t   h y d r a u l i c   l ine  f e e d i n g   the  l a n d i n g   g e a r   a n d  

h y d r a u l i c   c o n t r o l s   s y s t e m .  

D i s p o s e d   a c r o s s   the  l ine  of  flow  t h r o u g h   the  f lu id   flow  p a s s -  

age  4  is  a  ho l low  f l o w - r e s p o n s i v e   b y p a s s   poppe t   va lve   10,  s p r i n g -  

b i a s e d   into  a  n o r m a l   p o s i t i o n   s h o w n i n   F i g u r e   2  in  w h i c h   it  is  s e a t e d  

a g a i n s t   a  v a l v e   s e a t   11,  at  the  s t e p p e d   j u n c t i o n   b e t w e e n   the  b o r e s   3  a n d  

4.  The   v a l v e   poppe t   10  is  t u b u l a r ,   wi th   f lat   end  w a l l s   12  and  c y l i n d -  

r i c a l   s ide   w a l l s   1 3 , 1 4 .   The   w a l l s   14  fit  snug ly   a g a i n s t   the  w a l l s   o f  

the  b o r e   21  in  a  s l i d i n g   fit,  so  that   the  v a l v e   10  can  move   r e c i p r o c a b l y  

t o w a r d s   and  away   f r o m   the  v a l v e   s ea t   11  in  the  b o r e .   The  w a l l s   1 3  

fit  in  the  r e c e s s   9  wi th   a  s m a l l   c l e a r a n c e   of  a p p r o x i m a t e l y   0 .  l t o 3   m m  

d e f i n i n g   a  f luid  l e a k a g e   flow  p a s s a g e   8  e x t e n d i n g   f r o m   the  v a l v e   s e a t  

11  to  p a s s a g e   4  d o w n s t r e a m   of  the  v a l v e   10  and  va lve   s ea t   1 1 .  

The  lock  r ing   16,  w h i c h   f i ts   in  the  g r o o v e   17  of  the  b o r e   6,  

ho lds   the  v a l v e   gu ide  7   f i xed ly   in  p o s i t i o n .   The   va lve   gu ide  7   r e t a i n s  

one  end  of  a  c o m p r e s s i o n   s p r i n g   18  n e s t e d   in  the  a n n u l a r   r e c e s s   19 ,  

the  o t h e r   end  of  w h i c h   is  s e a t e d   a g a i n s t   the  d o w n s t r e a m   f ace   of  t h e  



va lve   poppe t   10.  The   s p r i n g   18  a c c o r d i n g l y   b i a s e s   the  v a l v e   p o p p e t  

10  a g a i n s t   the   v a l v e   s ea t   1 1 .  

The  v a l v e   guide  7  has  an  open  c e n t r a l   b o r e   21  r e c e i v i n g   in  a  

l oose   s l i d i n g   fit  wi th   a  s m a l l   c l e a r a n c e   the  c e n t r a l   hub  14  of  t h e  

poppe t   v a l v e   10.  Thus ,   the  b o r e   21  ac t s   as  a  guide  or   t r a c k   f o r  

r e c i p r o c a b l e   m o v e m e n t   of  the  v a l v e   poppe t   10  into  e n g a g e m e n t   w i t h  

and  away  f r o m   e n g a g e m e n t   wi th   the  va lve   s ea t   11  in  the  r e c e s s ,   a n d  

the  s p r i n g   18  h e l p s   to  r e t a i n   the  poppe t   in  a l i g n m e n t   for   easy   s l i d i n g  

m o v e m e n t .   Upon  a p p l i c a t i o n   of  a  s u f f i c i e n t   f luid  p r e s s u r e   d i f f e r -  

e n t i a l   a c r o s s   the  v a l v e   p o p p e t   10,  o v e r c o m i n g   the  b i a s i n g   f o r c e   o f  

the  s p r i n g   18,  the  va lve   will   m o v e   away  f r o m   the  v a l v e   s e a t ,   a n d  

s l i d i n g   in  the  b o r e   21  of  guide  7,  and  t h e r e b y   c o n n e c t s   the  two  b o r e s  

5  and  6  with  p a s s a g e   4 .  

The   v a l v e   p o p p e t   10  has   an  open  c e n t r a l   p a s s a g e   25  a l s o  

c o m m u n i c a t i n g   b o r e s   5  and  6,  and  this   p e r m i t s   n o r m a l   f low  in  t h e  

f luid  l ine  to  p a s s   f r o m   the  inlet   2  to  the  ou t l e t   3  at  a l l   t i m e s .   T h i s  

flow  may  f o r   e x a m p l e   be  of  the  o r d e r   of  3 ±  0. 5  gpm  at  100°F  o f  

M I L - H - 5 6 0 6   f lu id   at  a  p r e s s u r e   d i f f e r e n t i a l   of  a p p r o x i m a t e l y  7   p s i  

a c r o s s   the  v a l v e   poppe t ,   w i thou t   the  va lve   poppe t   m o v i n g   away  f r o m  

the  v a l v e   s ea t   1 1 .  

If  h o w e v e r   the  flow  in  the  f luid  line  at  the  in le t   e x c e e d s   3  ±  

0.5  g p m ,   the  b i a s i n g   f o r c e   of  the  s p r i n g   18  wi l l   be  e x c e e d e d ,   and  t h e  

v a l v e   poppe t   10  wi l l   be  f o r c e d   away  f r o m   its  v a l v e   s ea t   11,  o p e n i n g  

the  b y p a s s   line  to  a c c o m m o d a t e   th is   a d d i t i o n a l   f low.   Thus ,   t h e  

b y p a s s   l ine  wi l l   be  open  at  al l   f lows   in  e x c e s s   of  3  ±  0 . 5   gpm,   up  to  a  

m a x i m u m   flow  of  a p p r o x i m a t e l y   29  g a l l o n s   p e r   m i n u t e ,   at  a  d i f f e r e n t i a l  



p r e s s u r e   a c r o s s   the  v a l v e   of  25  p s i .  

The  v a l v e   h o u s i n g   1  a l so   i n c l u d e s   a  s ide   b o r e   30  at  r i g h t  

a n g l e s   to  the  f luid  flow  p a s s a g e ,   s e r v i n g   as  a  s o c k e t   in  w h i c h   is  p l a c e d  

the  m a x i m u m   s y s t e m   l e a k a g e   flow  i n d i c a t o r   40  in  a c c o r d a n c e   with  t h e  

i n v e n t i o n .   T h e r e   a r e   two  f lu id   flow  c o n n e c t i o n s   b e t w e e n   the  s o c k e t   3 0  

and  the  f luid  l ine  4,  one  p a s s a g e   41  e n t e r i n g   the  f lu id   l e a k a g e   f l o w  

p a s s a g e   8  jus t   be low  the  v a l v e   s e a t   11  in  the  s ide   w a l l   of  the  r e c e s s   9 ,  

and  the  o t h e r   p a s s a g e   42  e n t e r i n g   the  d o w n s t r e a m   end  of  p a s s a g e   25  o f  

the  v a l v e   poppe t   10  v ia   a  ben t   tube  4 2 a .  

T h e r e   is  a  s m a l l   o r i f i c e   42b  i n  the   p a s s a g e  4 2  w h i c h   r e s t r i c t s  

f lu id   p r e s s u r e   c o m m u n i c a t i o n   and  thus   p r o v i d e s   a  t ime   d e l a y .  

The  d i f f e r e n t i a l   p r e s s u r e   i n d i c a t o r   in  the  s o c k e t   30  i s  

c o m p o s e d   of  an  i n d i c a t o r   h o u s i n g   45,  w h i c h   is  m o u n t e d   by  e x t e r n a l  

s c r e w s   (not  shown)   wh ich   s c r e w   into  the  i n t e r n a l l y   t h r e a d e d   ho les   13 

c i r c u m f e r e n t i a l l y   l o c a t e d   a r o u n d   the  s o c k e t   30.  In  a  b l ind   b o r e   46  o f  

h o u s i n g   45  is  an  i n d i c a t i n g   m a g n e t i c   e l e m e n t   47,  w h i c h   is  m o v a b l e  

r e c i p r o c a b l y   b e t w e e n   i n d i c a t i n g   and  n o n i n d i c a t i n g   p o s i t i o n s .   T h e  

p o r t i o n   48  of  the  i n d i c a t i n g   e l e m e n t   i s  c o l e r e d   red,   and  p r o j e c t s   f r o m  

the  h o u s i n g   45  when   the  e l e m e n t   is  a c t u a t e d .   The  n o r m a l   p o s i t i o n  i s  

h o w e v e r   w i t h i n   the  h o u s i n g   45,  as  s h o w n   in  F i g u r e   2,  wi th   the  i n n e r  

end  of  the  e l e m e n t   47  a b u t t i n g   the  b a s e   wa l l   49  of  the  b l ind   b o r e .  

The  i n d i c a t i n g   e l e m e n t   is  held  la  this  p o s i t i o n   by  m a g n e t i s  

a t t r a c t i o n   to  the  a c t u a t i n g   m a g n e t i c   e l e m e n t   50,  one  end  of  w h i c h ,  

h a v i n g   a  p o l a r i t y   o p p o s i t e   to  the  p o l a m t y  o f   t h e  t a d i c a t i n g   a l e  

is  a b u t t i n g   the  o t h e r   s ide   of  the  w a l l  4 1   of  the  bUnd  b o r e .   T h i s  

e l e m e n t   is  d i s p o s e d   in  a  s o c k e t   51  of  the  i n l i e u o r   h o u s i n g   4 5 ,  



r e t a i n e d   w i t h i n   a  c y l i n d r i c a l   s l e e v e   53,  w h i c h   is  m o v a b l e   t o w a r d s   a n d  

away  f r o m   the  wa l l   49,  and  is  p r o v i d e d   wi th   an  O - r i n g   54  fo r   l e a k -  

t ight   s e a l i n g   a g a i n s t   the  w a l l s   of  the  s o c k e t   51,  thus  s e p a r a t i n g   t h e  

s o c k e t   into  two  c h a m b e r s   55,  56.  It  wi l l   be  noted   that   the  p a s s a g e   41  

is  in  f luid  flow  c o n n e c t i o n   wi th   the  p o r t i o n   56  of  the  c h a m b e r ,   w h i l e  

the  p a s s a g e   42  is  in  f luid  flow  c o n n e c t i o n   wi th   the  p o r t i o n   55  of  t h e  

c h a m b e r ,   the  O - r i n g   s e a l   54  p r e v e n t i n g   f luid  c o m m u n c a t i o n   t h e r e -  

b e t w e e n ,   wi th   the  r e s u l t   that   the  c h a m b e r   56  s e e s   f luid  p r e s s u r e   a t  

the  l e a k a g e   flow  p a s s a g e   8,  wh i l e   c h a m b e r   55  s e e s   f luid  p r e s s u r e  

in  the  p a s s a g e   25  of  the  poppe t   1 0 .  

The  a c t u a t i n g   e l e m e n t   50  is  he ld   a g a i n s t   the  wa l l   49  by  t h e  

c o m p r e s s i o n   s p r i n g   57,  one  end  of  w h i c h   is  s e a t e d   a g a i n s t  t h e  

b a s e   58  of  the  s o c k e t ,   whi le   the  o t h e r   end  is  s e a t e d   a g a i n s t   a  f l a n g e  

on  the  s l e e v e   53  and  thus   t e n d s  t o   r e t a i n   the  a c t u a t i n g   e l e m e n t   in  t h e  

p o s i t i o n   shown   in  F i g u r e   2 .  

The  i n d i c a t i n g   e l e m e n t   47  is  p r o v i d e d   v i th   a  f l ange   60,  a n d  

a  c o m p r e s s i o n   s p r i n g   61  is  r e t a i n e d   b e t w e e n   the  i n n e r   f ace   of  t h i s  

f l a n g e   and  the  b a s e   49  of  the  b l ind   b o r e .   This   s p r i n g   t ends   to  d r i v e  

the  i n d i c a t i n g   e l e m e n t   47  into  the  i n d i c a t i n g   p o s i t i o n ,   wi th   the  r e d  

b u t t o n   e x t e n d e d   f r o m   the  i n d i c a t o r   h o u s i n g ,   but  the  i n d i c a t i n g   e l e m e n t  

47  is  n o r m a l l y   he ld   a g a i n s t   the  b i a s i n g   f o r c e   of  the  s p r i n g   by  the  f o r c e  

of  m a g n e t i c   a t t r a c t i o n   b e t w e e n   it  and  the  a c t u a t i n g   e l e m e n t   50.  W h i l e  

the  a c t u a t i n g   e l e m e n t   50  is  a g a i n s t   the  wa l l   49  in  the  p o s i t i o n   s h o w n  

in  F i g u r e   2  this  f o r c e   of  a t t r a c t i o n   is  s u f f i c i e n t   to  hold  the  i n d i c a t i n g  

e l e m e n t   in  the  n o n i n d i c a t i n g   p o s i t i o n .  

If  h o w e v e r   the  f luid  p r e s s u r e   in  p a s s a g e   25  (and  thus  i n  



c h a m b e r   55  via  p a s s a g e   42)  i n c r e a s e s   to  a  l e v e l   at  w h i c h   it  e x c e e d s  

the  b i a s i n g   f o r c e   of  the  s p r i n g   57,  it  d r i v e s   the  a c t u a t i n g   e l e m e n t   50  

away  f r o m   the  wa l l   49.  As  soon   as  that   e l e m e n t   has   r e a c h e d   a  

d i s t a n c e   at  w h i c h   the  f o r c e   of  m a g n e t i c   a t t r a c t i o n   b e t w e e n   t h e  

a c t u a t i n g   e l e m e n t   50  and  the  i n d i c a t i n g   e l e m e n t   47  is  i n s u f f i c i e n t   to  

o v e r c o m e   the  b i a s i n g   f o r c e   of  the  s p r i n g   61.  the  i n d i c a t i n g   e l e m e n t  

pops  out  of  the  h o u s i n g .  

U n d e r   n o r m a l   c o n d i t i o n s ,   t h e r e   is  s m a l l   l e a k a g e   flow  p a s s  

t h e  v a i v e   poppe t   10  f r o m   the  s e a t  1 1  i n t o  t h e   r e c e s s ,   and  th is   s m a l l  

flow  p r o c e e d s   via  l e a k a g e   flow  p a s s a g e   8  into  p a s s a g e   26 and  t h e n t h r o u  

p a s s a g e   6.  Such  flow  is  at  a  r e d u c e d   f luid  p r e s s u r e   as  c o m p a r e d   t o  

in le t   p r e s s u r e .   Whi le   the  v a l v e   p o p p e t   10  is  a g a i n s t   the  v a l v e   s ea t   1 

p e i   s u r e   in  p o p p e t   p a s s a g e   25  is  c o m m u n i c a t e d  t o   the  a c t u a t i n g  

50  via  p a s s a g e   42,  and  t h r o u g h   the  r e s t r i c t i v e   o r i f i c e   42b,  a n d  w h e n  

e x c e e d s   a  p r e d e t e r m i n e d   m i n h o n  d i e   a c t u a t i n g   e l e m e n t   50  m o v e s  

awar  f r o m   the  wa l l   49,  and  the  i n d i c a t i n g   e l e m e n t   then  is  d r i v e n  

to  the  i n d i c a t i n g   p o s i t i o n   by  the  s p r i n g   61.  H o w e v e r ,   such   a c t u a t i o n  

can  only  o c c u r   w h i l e   the  v a l v e   popoe t   is  in  the  s e a t e d   p o s i t i o n ,   shown 

in  F i g u r e   2.  If  the  v a l v e   poppe t   is  f o r c e d   away  f r o m   its  s e a t   and  a w e  

f r o m   the  r e c e s s   the  p a s s a g e   41  a   h i g h e r   f luid  p r e s s u r  

wh ich   is  the  s t a t i c   p r e s s u r e   p lus   the  v e l o c i t y   head   wi th   the  r e s u l t   t h a t  

the  e l e m e n t   50  s e e s   a  h i g h e r   f la id   p r e s s u r e   in  c h a m b e r   53,  and  d o r  

not  m o v e .   Thus .   when  t h e  v a l v e   poppe t   is  away  f r o m   its  s e a t  i t  i s  

i m p o s s i b l e   to  a c t u a t e   the  i n c t i o n  s a v e   then  the  p r e s a n r e   d i f f e r e n  

trat   b e t w e e n   the  p a s s a g e s   41, 42  and  c h a m b e r s   5 5 , 5 6   is  i n s m f i m e s .  

o v e r c o m e   the  f o r c e   of  the  b i a s i n g  



A c c o r d i n g l y ,   the  p r e s s u r e   i n d i c a t o r   s e n s e s   only  flow  i n  

r e l a t i o n   to  l e a k a g e   flow,  and  is  t h e r e f o r e   a  m a x i m u m   s y s t e m   l e a k a g e  

flow  i n d i c a t o r .  

If  d e s i r e d ,   the  i n d i c a t i n g   e l e m e n t   can  a l so   be  m a d e   to  a c t u a t e  

a  s w i t c h ,   as  w e l l   as  g iv ing   a  v i s u a l   s i g n a l .   S w i t c h   a c t u a t i o n   i s  

p r o v i d e d   f o r   in  F i g u r e   2  by  the  f l ange   60  on  the  s ide   of  the  i n d i c a t i n g  

e l e m e n t   47.  When   the  i n d i c a t i n g   e l e m e n t   47  m o v e s   into  the  a c t u a t e d  

p o s i t i o n ,   w i th   the  red  b u t t o n   e x t e n d i n g   f r o m   the  h o u s i n g ,   the  f l a n g e  

60  c o n t a c t s   and  m o v e s   the  l e v e r   65,  d r i v i n g   it  a g a i n s t   the  c o n t a c t  

62,  and  thus   c l o s i n g   the  c i r c u i t ,   and  a c t u a t i n g   the  s w i t c h ,   g iv ing   a n  

e l e c t r i c   s i g n a l ,   o r   m o v i n g   a  s o l e n o i d   va lve ,   or   r i n g i n g   a  be l l ,   f o r  

e x a m p l e ,   as  d e s i r e d .  

In  the  e m b o d i m e n t   of  flow  s e n s o r   and  m a x i m u m   l e a k a g e   f l o w  

i n d i c a t o r   of  F i g u r e   3,  the  u p s t r e a m   p r e s s u r e   is  t a p p e d   b e f o r e   t h e  

flow  o r i f i c e   t h r o u g h   the  v a l v e   i n s t e a d   of  be low  the  flow  o r i f i c e .   In  o t h e r  

r e s p e c t s ,   the  d e v i c e   is  s i m i l a r   to  that   of  F i g u r e s   1  and  2,  and  c o n -  

s e q u e n t l y   l ike  r e f e r e n c e   n u m e r a l s   a re   u s e d   fo r   l ike   p a r t s .  

The   flow  s e n s o r   and  m a x i m u m   s y s t e m   l e a k a g e   flow  i n d i c a t o r  

s h o w n   i n  F i g u r e   3  has  a  h o u s i n g   1  wi th   an  in le t   por t   2  and  an  o u t l e t  

por t   3  c o n n e c t e d   by  a  f luid  flow  p a s s a g e   4  fo r   t h r o u g h   f luid  flow  i n  

fo r   e x a m p l e   an  a i r c r a f t   h y d r a u l i c   line  f e e d i n g   the  l a n d i n g   g e a r   a n d  

h y d r a u l i c   c o n t r o l s   s y s t e m .  

D i s p o s e d   a c r o s s   the  line  of  flow  t h r o u g h   the  f luid  flow  p a s s -  

age  4  is  a  hol low  f l o w - r e s p o n s i v e   b y p a s s   poppe t   v a l v e   10,  s p r i n g -  

b i a s e d   into  the  n o r m a l   p o s i t i o n   shown  in  F i g u r e   3  in  w h i c h   it  is  s e a t e d  

a g a i n s t   a  v a l v e   sea t   11,  at  the  s t e p p e d   j u n c t i o n   b e t w e e n   the  b o r e s  3   a n d  



4.  The  v a l v e   poppe t   10  is  t u b u l a r ,   wi th   flat   end  w a l l s   12  and  c y l i n d -  

r i c a l   s ide   w a l l s   13,  14.  The  w a l l s   14  fit  snug ly   a g a i n s t   the  w a l l s   o f  

the  b o r e   21  in  a  s l i d i n g   fit,  so  that  the  v a l v e   10  can  move   r e c i p r o c a b l y  

t o w a r d s   and  away  f r o m   the  v a l v e   s e a t   11  in  the  b o r e .   T h e  w a l l s  1 3  

fit  in  the  r e c e s s   9  wi th   a  s m a l l   c l e a r a n c e   of  a p p r o x i m a t e l y   0 .1   to  3  m m  

d e f i n i n g   a  f luid  l e a k a g e   flow  p a s s a g e   8  e x t e n d i n g   f r o m   the  v a l v e   s e a t  

11  to  p a s s a g e   4  d o w n s t r e a m   of  the  va lve   10  and  va lve   s e a t   1 1 .  

The   lock  r i n g   16,  which  f i t s  i n   the  g r o o v e   17  of  the  b o r e   6, 

ho lds   the  va lve   gu ide  7   f i xed ly   in  p o s i t i o n .   The   va lve   guide  7  r e t a i n s  

one  end  of  a  c o m p r e s s i o n   s p r i n g   18  n e s t e d   in  the  a n n u l a r   r e c e s s   1 9 ,  

the  o t h e r   end  of  which   is  s e a t e d   a g a i n s t   the  d o w n s t r e a m   f ace   of  t h e  

v a ' v e   p o p p e t   10  The   s p r i n g   18  a c c o r d i n g l y   b i a s e s   the  va lve   p o p p e t  

10  ag   ins t   the  va lve   s e a t   1 1 .  

The  v a l v e   gu ide  7   has  an  o p e n  c e n t r a l  b o r e   21  r e c e i v i n g   i t  a  

l onse   s l i d i n g   fit  with  a  s m a l l   c l e a r a n c e   the  c e n t r a l   hub  14  of  t h e  

popper   v a l v e   10.  Thus ,   the  b o r e   21  a c t s   as  a  guide  or   t r a c k   f o r  

r e c i p r o c a b l e   m o v e m e n t   of  the  va lve   poppe t   10  into  e n g a g e m e n t   w i t h  

anr   away  f r o m   e n g a g e m e n t   w i t h  t h e   v a l y e   sea t   11  in  the  r e c e s s ,   a n d  

the  s p r i n g   18  h e l p s   to  r e t a i n   the  poppe t   in  a l i g n m e n t   for   easy   s l i d i n t  

m o v e m e n t .   Upon  a p p l i c a t i o n   of  a  s u f f i c i e n t   f lu id   p r e s s u r e   d i f f e r e n t i a l  

a c r o s s   the  v a l v e   poppe t   10,  o v e r c o m i n g   the  b i a s i n g   f o r c e   of  the  s p r i n g  

18.  the  v a l v e   wi l l   move   away  f r o m   the  v a l v e   s ea t ,   and  s l i d i n g   in  t h e  

b o r e   21  of  guide  7,  and  t h e r e b y   c o n n e c t s   the  two  b o r e s   5  and  6   w i t h  

p a s s a g e   4 .  

The  v a l v e   poppe t   10 has  a n o p e n   c e n t r a l   p a s s a g e   25  a l s o  

c o m m u n i c a t i n g   b o r e s   5  and  6,  and  this   p e r m i t s   n o r m a l   flow  in  t h e  



fluid  line  to  b a s s   f rom  the  in le t   2  to  the  ou t l e t   3  at  al l   t i m e s .   Th is   f l o w  

may  for   e x a m p l e   be  of   t h e  o r d e r   of  3 +  0.5  gpm  at  100°F  of  MIL  H - 5 6 0 6  

huid  at  a  p r e s s u r e   d i f f e r e n t i a l   at  a p p r o x i m a t e l y  7   psi   a c r o s s   the  v a l v e  

poppe t ,   wi thout   the  valve  popper  m o v i n g   away  f r o m   the  va lve   sea t   1 1 .  

If  h o w e v e r   the  flow  in  the  fluid  line  at  the  in le t   e x c e t u s   0  + 

0.5  gpm,  t h e  b i a s i n g   f o r c e   of  the  s p r i n g   13  wil l   be  e x c e e d e d ,   and  t h e  

a v e   poppet   10  wil l   be  f o r c e d   away  f rom  its  v a l v e   s ea t   11,  a p e n i n g  

the  b y p a s s   line  to  a c c o m m o d a t e   this   a d d i t i o n a l  f l o w .   Thus ,   t h e  

b y p a s s   line  wil l   be  open  at  al l   f lows  in  e x c e s s   of  3  ±  0 .5   gpm,  u p  t o  a  

m a x u n u m   flow  of  a p p r o x u n a t e l y   29  ga l lons   p e r   m i n u t e ,   at  a  d i f f e r e n t i a l  

p r a s s u r e   a c r o s s   the  va lve   of  25  p s i .  

The  v a l v e   h o u s i n g   1  a l so   i n c l u d e s   a  s ide   b o r e   30  at  r i g h t  

a n g l e s   to  the  f luid  flow  p a s s a g e ,   s e r v i n g   as  a  s o c k e t   in  wh ich   t r p l a c e a  

the  m a x i m u m   s y s t e m   l e a k a g e   flow  i n d i c a t o r   40  i n  a c c o r d a n c e   with  t h e  

i n v e n t i o n .   T h e r e   a r e   two  f luid  flow  c o n n e c t i o n s   b e t w e e n   the  s o c k e t   30  

and  the  f lu id   line  4,  one  p a s s a g e   41  e n t e r i n g   the  f lu id   l e a k a g e   f l o w  

p a s s a g e   8  jus t   be low  the  v a l v e   sea t   11  in  the  s ide   w a l l   of  the  r e c e s s   9 ,  

and  the  o t h e r   p a s s a g e   72  e n t e r i n g   the  b o r e   5  jus t   above   the  u p s t r e a m  

end  of  p a s s a g e   25  of  the  v a l v e   poppe t   10.  T h e r e   is  a  s m a l l   o r i f i c e   73 

in  the  p a s s a g e   72  w h i c h   r e s t r i c t s   f luid  p r e s s u r e   c o m m u n i c a t i o n   a n d  

thus  p r o v i d e s   a  t ime   d e l a y .  

The   d i f f e r e n t i a l   p r e s s u r e   i n d i c a t o r   in  the  s o c k e t   30  i s  

c o m p o s e d   of  an  i n d i c a t o r   h o u s i n g   45,  wh ich   is  m o u n t e d   by  e x t e r n a l  

s c r e w s   (not  shown)   w h i c h   s c r e w   into  the  i n t e r n a l l y   t h r e a d e d   ho les   43  

c i r c u m f e r e n t i a l l y   l o c a t e d   a r o u n d   the  s o c k e t   30.  In  a  b l ind   b o r e   46  o f  

h o u s i n g   45  is  an  i n d i c a t i n g   m a g n e t i c   e l e m e n t   47,  w h i c h   is  m o v a b l e  



r e c i p r o c a b l y   b e t w e e n   i n d i c a t i n g   and  n o n i n d i c a t i n g   p o s i t i o n s .   T h e  

p o r t i o n   48  of  the  i n d i c a t i n g   e l e m e n t   is  c o l o r e d   red,  and  p r o j e c t s  

f r o m   the  h o u s i n g   45  when   the  e l e m e n t   is  a c t u a t e d .   T h e  n o r m a l  

p o s i t i o n   is  h o w e v e r   w i th in   the  h o u s i n g   45,  as  shown   in  F i g u r e   2,  w i t h  

the  i n n e r   end  of  the  e l e m e n t   47  a b u t t i n g   the  b a s e   wa l l   49  of  the  b l i n d  

b o r e .  

The  i n d i c a t i n g   e l e m e n t   is  he ld   in  this   p o s i t i o n   by  m a g n e t i c  

a t t r a c t i o n   to  the  a c t u a t i n g   m a g n e t i c   e l e m e n t   50,  one  end  of  w h i c h  

h a v i n g   a  p o l a r i t y   o p p o s i t e   to  the  p o l a r i t y   of  the  i n d i c a t i n g   e l e m e n t   4 7  

is  a b u t t i n g   the  o t h e r   s ide   of  the  w a l l   49  of  the  b l ind   b o r e .   T h i s   e l e m e n t  

is  d i s p o s e d   in  a  s o c k e t   51  of  the  i n d i c a t o r   h o u s i n g   45,  r e t a i n e d   w i t h i n  

a  c y l i n d r i c a l   s l e e v e   53,  which   is  m o v a b l e   t o w a r d s   and  away  f r o m   t h e  

W a t ,   and  is  p r o v i d e d   with  an  O - r i n g   54  f o r   l e a k - t i g h t   s e a l i n g  

a g a i n s t   the  w a l l s   of  the  s o c k e t   51,  thus  s e p a r a t i n g   the  s o c k e t   i n t o  

two  c h a m b e r s   55,  56.  It  wi l l   be  o t e d   that  the  p a s s a g e   41  is  in  f l u i d  

flow  c o n n e c t i o n   wi th   the  p o r t i o n   56  of  the  c h a m b e r ,   wh i l e   the  p a s s a g e  

72  is  in  f lu id   flow  c o n n e c t i o n   wi th   the  p o r t i o n   55  of  the  c h a m b e r ,   t h e  

O - r i n g   s e a l   54  p r e v e n t i n g   f luid  c o m m u n i c a t i o n   t h e r e b e t w e e n ,   w i t h  

the  r e s u l t   that   the  c h a m b e r   56  s e e s   f luid  p r e s s u r e   at  the  l e a k a g e   f l o w  

p a s s a g e   8,  w h i l e   c h a m b e r   55  s e e s   u p s t r e a m   f lu id   p r e s s u r e   in  t h e  

b o r e   5  b e f o r e   p a s s a g e   25  of  the  poppe t   1 0 .  

The  a c t u a t i n g   e l e m e n t   50  is  held  a g a i n s t   the  wa l l   49  by  t h e  

c o m p r e s s i o n   s p r i n g   57,  one  end  of  w h i c h   is  s e a t e d   a g a i n s t   t h e  

b a s e   58  of  the  s o c k e t ,   wh i l e   the  o t h e r   end  is  s e a t e d   a g a i n s t   a  f l a n g e  

on  the  s l e e v e   53  and  thus   t ends   to  r e t a i n   the  a c t u a t i n g   e l e m e n t   in  t h e  

p o s i t i o n   shown  in  F i g u r e   3 .  



The  i n d i c a t i n g   e l e m e n t   47  is  p r o v i a e a   wi th   a  f l a n g e   6U,  a n d  

a  c o m p r e s s i o n   s p r i n g   61  is  r e t a i n e d   b e t w e e n   the  i n n e r   face   of  t h i s  

f l a n g e   and  the  b a s e   49  of  the  b l ind   b o r e .   Th is   s p r i n g   t ends   to  d r i v e  

the  i n d i c a t i n g   e l e m e n t   47  into  the  i n d i c a t i n g   p o s i t i o n ,   with  the  r e d  

b u t t o n   e x t e n d e d  f r o m   t h e  i n d i c a t o r   h o u s i n g ,   but  the  i n d i c a t i n g   e l e m e n t  

47  is  n o r m a l l y   he ld   a g a i n s t   the  b i a s i n g   f o r c e   of  the  s p r i n g   by  t h e  

f o r c e   of  m a g n e t i c   a t t r a c t i o n   b e t w e e n   it  and  the  a c t u a t i n g   e l e m e n t   5 0 .  

Whi l e   the  a c t u a t i n g   e l e m e n t   50  is  a g a i n s t   the  wa l l   49  in  the  p o s i t i o n  

s h o w n   in  F i g u r e   this   f o r c e   of  a t t r a c t i o n   is  s u f f i c i e n t   to  hold  t h e  

i n d i c a t i n g   e l e m e n t   in  the  n o n i n d i c a t i n g   p o s i t i o n .  

If  h o w e v e r   the  u p s t r e a m   f luid  p r e s s u r e   in  b o r e   5  b e f o r e  

p a s s a g e   25  (and  thus  in  c h a m b e r   55  via  p a s s a g e   72)  i n c r e a s e s   to  a  

l e v e l   at  w h i c h   it  e x c e e d s   the  b i a s i n g   f o r c e   of  the  s p r i n g   57,  it  d r i v e s  

the  a c t u a t i n g   e l e m e n t   50  away  f r o m   the  wal l   49.  As  soon   as  t h a t  

e l e m e n t   has  r e a c h e d   a  d i s t a n c e   at  w h i c h   the  f o r c e   of  m a g n e t i c  

a t t r a c t i o n   b e t w e e n   the  a c t u a t i n g   e l e m e n t   50  and  the  i n d i c a t i n g   e l e m e n t  

47  is  i n s u f f i c i e n t   to  o v e r c o m e   the  b i a s i n g   f o r c e   of  the  s p r i n g   61,  t h e  

i n d i c a t i n g   e l e m e n t   47  pops  out  of  the  h o u s i n g .  

U n d e r   n o r m a l   c o n d i t i o n s ,   t h e r e   is  s m a l l   l e a k a g e   flow  p a s t  

the  v a l v e   poppe t   10  f r o m   the  sea t   11  into  the  r e c e s s ,   and  this   s m a l l  

flow  p r o c e e d s   via  l e a k a g e   flow  p a s s a g e   8  into  p a s s a g e   26  and  t h e n  

t h r o u g h   p a s s a g e   6.  Such  flow  is  at  a  r e d u c e d   f luid  p r e s s u r e   a s  

c o m p a r e d   to  inlet   p r e s s u r e .   Whi l e   the  va lve   poppe t   10  is  a g a i n s t   t h e  

v a l v e   s ea t   11,  u p s t r e a m   p r e s s u r e   in  b o r e   5  is  c o m m u n i c a t e d   to  t h e  

a c t u a t i n g   e l e m e n t   50  via   p a s s a g e   72,  and  t h r o u g h   the  r e s t r i c t i v e  

o r i f i c e   73,  and  when   it  e x c e e d s   a  p r e d e t e r m i n e d   m i n i m u m   t h e  



a c t u a t i n g   e l e m e n t   50  m o v e s   away  f r o m   the  wa l l   49,  and  the  i n d i c a t i n g  

e l e m e n t   then   is  d r i v e n   to  the  i n d i c a t i n g   p o s i t i o n   by  the  s p r i n g   6 1 .  

H o w e v e r ,   such   a c t u a t i o n   can  only  o c c u r   w h i l e   the  v a l v e   p o p p e t   is  i n  

the  s e a t e d   p o s i t i o n ,   shown  in  F i g u r e   3.  If  the  v a l v e   poppe t   is  f o r c e d  

away  f r o m   its  s ea t   and  away  f r o m   the  r e c e s s   the  p a s s a g e   41  c o m -  

m u n i c a t e s   a  f lu id   p r e s s u r e   w h i c h   is  the  t o t a l   of  the  s t a t i c   p r e s s u r e  

plus   the  v e l o c i t y   head   wi th   the  r e s u l t   that  the  e l e m e n t   50  s e e s   a  

f lu id   p r e s s u r e   in  c h a m b e r   56  that  is  not  s u f f i c i e n t l y   l o w e r   than  t h e  

f lu id   p r e s s u r e   in  c h a m b e r   55,  and  t h e r e f o r e   does   not  m o v e .   T h u s ,  

w h e n   the  v a l v e   poppe t   is  away  f r o m   its  s e a t ,   it  is  i m p o s s i b l e   t o  

a c t u a t e   the  i n d i c a t o r ,   s i n c e   then  the  p r e s s u r e   d i f f e r e n t i a l   b e t w e e n  

the  p a s s a g e s   41,  72  and  c h a m b e r s   55,  56  is  i n s u f f i c i e n t .  

A c c o r d i n g l y ,   the  p r e s s u r e   i n d i c a t o r   s e n s e s   only  f low  i n  

r e l a t i o n   to  l e a k a g e   f low,  and  is  t h e r e f o r e   a  m a x i m u m   s y s t e m   l e a k a g e  -  

flow  i n d i c a t o r .  

If  d e s i r e d ,   the  i n d i c a t i n g   e l e m e n t   can  a l so   be  m a d e   to  a c t u a t e  

a  s w i t c h ,   as  we l l   as  g iv ing  a  v i s u a l   s i g n a l .   S w i t c h   a c t u a t i o n   i s  

p r o v i d e d   fo r   in  F i g u r e   3  by  the  f l a n g e   60  on  the  s ide   of  the  i n d i c a t i n g  

e l e m e n t   47.  W h e n   the  i n d i c a t i n g   e l e m e n t   47  m o v e s   i n t o  t h e   a c t u a t e d  

p o s i t i o n ,   wi th   the  red   b u t t o n   e x t e n d i n g   f r o m   t h e . h o u s i n g ,   the  f l a n g e  

60  c o n t a c t s   and   m o v e s   the  l e v e r   65,  d r i v i n g   it  a g a i n s t   the  c o n t a c t  

6 2 ,   and  thus   c l o s i n g   the  c i r c u i t ,   and  a c t u a t i n g   the  s w i t c h ,   g iv ing   a n  

e l e c t r i c   s i g n a l ,   or   m o v i n g   a  s o l e n o i d   va lve ,   or   r i n g i n g   a  b e l l ,   f o r  

e x a m p l e   as  d e s i r e d .  



1.  A  flow  s e n s o r   r e s p o n s i v e   to  f lu id   l e a k a g e   f lows   w i t h i n   a  

r ange   f r o m   above   a  p r e d e t e r m i n e d   m i n i m u m   to  be low  a  p r e d e t e r m i n e d  

m a x i m u m   to  i n d i c a t e   that   flow  is  w i t h i n   that   r a n g e   a n d / o r   that  t h e  

m a x i m u m   l e a k a g e   flow  has  b e e n   e x c e e d e d ,   but   n o n r e s p o n s i v e   to  f l u i d  

flows  be low  the  p r e d e t e r m i n e d   m i n i m u m   or   above   the  p r e d e t e r m i n e d  

m a x i m u m ,   to  avo id   g i v i n g   a  f a l s e   i n d i c a t i o n   of  f lu id   l e a k a g e   f l o w ,  

c o m p r i s i n g , ;   in  c o m b i n a t i o n :  

(1)  a  h o u s i n g   h a v i n g   an  in le t   and  an  ou t l e t   and  a  t h r o u g h  

flow  f lu id   p a s s a g e   t h e r e b e t w e e n ;  

(2)  a  flow  r e s p o n s i v e   v a l v e   d i s p o s e d   a c r o s s   the  f l u i d  

p a s s a g e   in  a  m a n n e r   to  d i r e c t   f low  t h e r e t h r o u g h   c o m p r i s i n g  

(a)  a  v a l v e  s e a t ;  

(b)  a  v a l v e   m e m b e r   m o v a b l e   t o w a r d s   and  away  f r o m  

the  v a l v e   s e a t   and  h a v i n g   o p p o s e d   f a c e s   r e c e i v i n g   f lu id   p r e s s u r e  

u p s t r e a m   and  d o w n s t r e a m ,   r e s p e c t i v e l y ,   of  the  v a l v e   m e m b e r ,  

(c)  b i a s   m e a n s   b i a s i n g   the  v a l v e   m e m b e r   i n t o  a   n o r m a l l y  

c l o s e d   p o s i t i o n   a g a i n s t   the  v a l v e   s ea t   wi th   a  f o r c e   r e s i s t i n g   u p s t r e a m  

f luid  p r e s s u r e   a g a i n s t   the  v a l v e   f ace   t e n d i n g   to  open   the  v a l v e   up  t o  

a  p r e d e t e r m i n e d   m i n i m u m ;  

(d)  a  flow  c o n t r o l l i n g   o r i f i c e   open  to  flow  p a s t   t h e  

v a l v e   m e m b e r   b e t w e e n   the  h o u s i n g   i n l e t   and  o u t l e t   at  all   t i m e s ;  

(e)  at  l e a s t   one  f luid  flow  p a s s a g e   d o w n s t r e a m   of  t h e  

v a l v e   s ea t   fo r   flow  pas t   the  v a l v e   m e m b e r   that   is  c l o s e d   when   t h e  

v a l v e   m e m b e r   is  against   the  v a l v e   s ea t   and  open  when   the  v a l v e  



m e m b e r   is  m o v e d   away  f r o m   the  va lve   sea t ;   a n d  

(f)  a  l e a k a g e   flow  p a s s a g e   r e c e i v i n g   l e a k a g e   flow  p a s t  

the  v a l v e   s e a t   and  c a r r y i n g   s u c h   flow  pas t   the  v a l v e   m e m b e r   i n t o  

the  f lu id   flow  p a s s a g e ,   the  v a l v e   m e m b e r   when   in  the  c l o s e d   p o s i t i o n  

s e p a r a t i n g   the  l e a k a g e   flow  p a s s a g e   f r o m   the  f luid  flow  p a s s a g e ,   a n d  

w h e n   in  the  open   p o s i t i o n   c o m b i n i n g   the  l e a k a g e   flow  p a s s a g e   wi th   t h e  

f lu id   flow  p a s s a g e ;  

(3)  a  d i f f e r e n t i a l   p r e s s u r e   i n d i c a t o r   h a v i n g :  

(a)  c o o p e r a t i n g   a c t u a t i n g   and  i n d i c a t i n g   m a g n e t i c  

e l e m e n t s ,   the  a c t u a t i n g   e l e m e n t   b e i n g   m o v a b l e   b e t w e e n   a  f i r s t   p o s i t i o n  

in  w h i c h   it  r e t a i n s   the  i n d i c a t i n g   e l e m e n t   in  a  n o n i n d i c a t i n g   p o s i t i o n  

and  a  s econd   p o s i t i o n   in  w h i c h   the  i n d i c a t i n g   e l e m e n t   can  m o v e   into  a n  

i n d i c a t i n g   p o s i t i o n ;   the  a c t u a t i n g   e l e m e n t   h a v i n g   o p p o s e d   p r e s s u r e  

f a c e s   and  b e i n g   mOl  ab le   t o w a r d s   one  of  the  two  p o s i t i o n s   a c c o r d i n g  

to  the  p r e s s u r e   d i f f e r e n t i a l   t h e r e b e t w e e n ;  

(b)  a  f i r s t   f lu id   p a s s a g e   c o m m u n i c a t i n g   f lu id   p r e s s u r e   i n  

the  f lu id   l e a k a g e   flow  p a s s a g e   a f t e r   the  v a l v e   m e m b e r   to  the  f i r s t  

p r e s s u r e   f ace   and  a  s e c o n d   f lu id   p a s s a g e   c o m m u n i c a t i n g   f lu id   p r e s s u r e  

at  the  f l o w - c o n t r o l l i n g   o r i f i c e   t h r o u g h   the  v a l v e   m e m b e r   to  the  s e c o n d  

p r e s s u r e   f a c e ;  

(c)  b i a s   m e a n s   r e t a i n i n g   the  a c t u a t i n g   e l e m e n t   in  a  f i r s t  

p o s i t i o n   to  r e t a i n   the  i n d i c a t i n g   e l e m e n t   in  a  n o n i n d i c a t i n g   p o s i t i o n  

at  p r e s s u r e   d i f f e r e n t i a l s   t h e r e a c r o s s   up  to  a  p r e d e t e r m i n e d   m i n i m u m ;  

and  at  p r e s s u r e   d i f f e r e n t i a l s   e x c e e d i n g   the  m i n i m u m   to  m o v e   a w a y  

f r o m   the  i n d i c a t i n g   e l e m e n t   and  r e l e a s e   it  to  s i g n a l   the  r e a c h i n g   o f  

s u c h   m i n i m u m   p r e s s u r e   d i f f e r e n t i a l s ;  



( d )  m e a n s   in  the  s e c o n d   fluid  p a s s a g e   d e l a y i n g  

c o m m u n i c a t i o n   of  f luid  p r e s s u r e   t h e r e t h r o u g h   to  p r e v e n t   a c t u a t i o n   o f  

the  a c t u a t i n g   e l e m e r t   when   the  v a l v e   opens   wh i l e   flow  is  i n c r e a s i n g  

f r o m   l e a k a g e   flow  to  o p e r a t i n g   f l o w ;  

(4)  the  va lve   m e m b e r   when   m o v e d   away  f r o m   the  v a l v e  

s e a t   c o m b i n i n g   the  f l u i d  l e a k a g e  f l o w   and  f l u i d  f l o w  p a s s a g e s   a n d  

t h e r e b y   r e d u c i n g   the  m e a s u r e d   p r e s s u r e   d i f f e r e n t i a l   b e t w e e n   t h e  

f i r s t   and  s e c o n d   f luid  p a s s a g e s   to  be low  sa id   p r e d e t e r m i n e d   m i n i m u m ,  

t h e r e b y   p r e v e n t i n g   a c t u a t i o n   of  the  d i f f e r e n t i a l   p r e s s u r e   i n d i c a t o r  

wh i l e   the  v a l v e   m e m b e r   r e m a i n s   in  the  open  p o s i t i o n .  

2.  A  flow  s e n s o r   a c c o r d i n g   to  c l a i m   1  in  which   the  f l o w -  

c o n t r o l l i n g   o r i f i c e   is  an  o r i f i c e   t h r o u g h   the  va lve   m e m b e r .  

3.  A  flow  s e n s o r   a c c o r d i n g   to  c l a i m  1 ,   in  which   t h e  

va lve   m e m b e r   of  the  flow  r e s p o n s i v e   v a l v e   is  a  poppe t   b i a s e d   a g a i n s t  

the  v a l v e   s e a t ,   and  the  flow  c o n t r c l l i n g   o r i f i c e   is  an  o r i f i c e   t h r o u g h  

the  p o p p e t .  

4.   A  flow  s e n s o r   a c c o r d i n g   to  c l a i m   1  in  w h i c h   the  v a l v e  

m e m b e r   of  the  flow  r e s p o n s i v e   v a l v e   is  a  poppe t   b i a s e d   a g a i n s t   t h e  

v a l v e   s e a t ,   and  the  flow  c o n t r o l l i n g   o r i f i c e   is  a  n a r r o w   flow  p a s s a g e  

t h r o u g h   the  p o p p e t .  

5 .   A  flow  s e n s o r   a c c o r d i n g   to  c l a im   4  in  wh ich   the  n a r r o w  

flow  p a s s a g e   is  a  v e n t u r i .  

6.  A  flow  s e n s o r   a c c o r d i n g   to  c l a i m   1  w h e r e i n   the  s e c o n d  

f lu id   p a s s a g e   c o m m u n i c a t e s  w i t h   t h e  d o w n s t r e a m   end  of  the  f l o w  

c o n t r o l l i n g   o r i f i c e   t h r o u g h   t h e  v a l v e   m e m b e r   of.  the  flow  r e s p o n s i v e  

v a l v e .  



7.  A  flow  s e n s o r   a c c o r d i n g   to  c l a im  1  w h e r e i n   the  s e c o n d  

f luid  p a s s a g e   c o m m u n i c a t e s   wi th   the  f luid  p r e s s u r e   at  the  u p s t r e a m  

end  of  the  flow  c o n t r o l l i n g   o r i f i c e   t h r o u g h   the  va lve   m e m b e r   of  t h e  

flow  r e s p o n s i v e   v a l v e .  

8.  A  flow  s e n s o r   a c c o r d i n g   to  c l a i m   1,  in  which   the  m e a n s  

in  the  s e c o n d   f luid  p a s s a g e   is  an  o r i f i c e .  

9.  A  flow  s e n s o r   a c c o r d i n g   to  c l a i m   1,  i n c l u d i n g   a  s w i t c h  

o p e r a b l e   by  the  i n d i c a t i n g   e l e m e n t   upon  m o v e m e n t   to  an  i n d i c a t i n g  

p o s i t i o n ,  

10.  A  flow  s e n s o r   a c c o r d i n g   to  c l a i m   1,  in  wh ich   t h e  

ac tua t ing ,   e l e m e n t   is  in  the  f o r m   of  a  p i s t o n ,   m o v i n g   in  a  b o r e   i n t o  

which  the  f i r s t   and  s e c o n d   f lu id   p a s s a g e s   o p e n .  
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